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li'TRODIJCTlOi 
Bi# .QitiQlmt pKittteticia #f milk mM hmttewtmt art the 
prlasry m&mm. of tb« fiit fer«®ilng of aaiaals 
wliieli will sait the mm4@ #f dairysta is gtaeral g©sil 
ia Aaii»j ©attie feF#®iijag* Umimm pMiwetloa bf tli® e®w, 
relative t© f®®fi eeftts, sat attlioa® wM«h aifi ia 
aoeasplisbiag thi# mmlmm fitld ai*# atslrsMt. prestat 
sppTOxlaattlf fivt per mat Qt th® eows a»a helfefs two 
ir®ai?s oli aai oveir l:#pt for ailk m faFus la fb® inltet 
Stattf afe l&tiag teited fer pTOdaetloB ia mirj Herd la-
prtfeaeat Aisoelations Association 
L@tt@t, 3.954), Itt&Qds wliisli will eaablt m indtts© addi-
tiooal ttstiBg are aeeessarir t# ototala aort iafeMatiom oa 
pr-a&ttction. If lutmrnrntlQu mm^miug mm&l pm&mtim 
fe© ©totaifiei fey ©©iiiiatfing osli' a psrtloa ©f tlae l«eta-
tioa., tlri-©a eertsinly we shottM InTestigst# liov bfit to us© 
iu0.h infesrsatlan* 
la eofflserolsl latM® sany eowt laitfs tlie liert tJsfor# 
eompieting 01^ta ons l&etation. &»»# iafswati©© is lost 
if sucii records ,ar© not ttseS in ©valuating the bi»@«aing 
©f tfeeif relatives, la bi»e®ftei»s> feif€s, if the first 
few mmthB Qt a litiftP*® reo#ra eoataifts itifflei,®at i»fer-
®ati©R, aaiutaiiiiiig tht sons of fii»st««'Oslf feeifer® watil 
i 
this i&t&m&tim hmm^s might tot atfiialsle, 
&is sigtit b® a pr&Qtli$A &ppme&h t© rttuelag tia® later* 
T&l • its® rati oat, vMeli 4» eatti# Ig »-i»e thm fowr 
y@si*s (Lwsli., 194?). 
At my om lia# when ar« to^ toe as Is, 
tone la ttot l©wa itat© ielstti® Itrd, 
tlie mXmXs  v l l l  m t  $Xl  hmve  eeapltt^A wmoris aad, of 
eouFB@t will m% all be la tiie s»ie slag# ©f lafi^tatida. 
ffeerefare# prmstie-al «&oat ^alliog ©f ketplag 
MUit ©ftea be asie aa bssi# of partial jpeeopa.i, 
Ibt priaafy purp©s« ©f this staSf is to ©ttlost® the 
berltstollitlet, asi geaetlc eoprelatlea® 
foi*' ailk aiii featt-erfat predwetlea for •rsrjiag |Ki3?tl<3ai of 
lA@tatl9tt®. gtatlstles are to aii0«e.r smb. 
q«e»tloBs as? Cl| tiie relative «ffe©t ef »iiirir@o®©ntiLl 
oonfiltlosi aarifig irarlotts parts of tht Isttetldai (2) tli« 
relaSlt© mmm&y sf paytg f©.r ppsAletlag tht @n%ire 
laetatloja pi»odiaotl0,ii.j CS) tii« txteat to wbiela the stiie 
genes eptpate. imflag ^Ittmmt parts af tie Isetstiois.. 
lu th& p?@®tat stmif, hmmm llie aumbsr sf reeorts 
par aiilaal varleA. o»ly th® firat reoor^B irere tts@a for 
eonsMeriag gea< tic Efarfiia-lloiis ef ¥«i»loa§ parts with th# 
eoffiplete Fteerds, & slugl© rt©©i€ Is a !#§» Taltiafel# 4M1-
oatiea of tla® proto&Me prodoeiag ability ©f tbt oow tfeaa is 
3 
m sfefagft li©.f wlatre • sh® ln&s mQm thm ©ae. 
fli® first rt©oM teteeutt at-ailabi# .t©#Ber i&sa fio later 
or average reeai^f. . Ibe i*ee©i»i is a rattioffi rmoiA 
slaee edwi firtt &r& Itss tfea® are 
8©¥.0 wltti two sr ao'Fe j?»©-#pai», Iwefe fslectioft Ceallirig) 
ii ao»@ oa tla@ bssii ©f first 'r&eofdt. i fire is profefl. 
earllfst oa first, of Ms daafbtera. ^ potimtiai 
sir# m&y fe« g«^fS oa liie hmi$ Qf ttm first mmrA of iii« 
a«., iay alii .use of tie tarlf p#ytioii« &t a r€seof€ to 
iii4i@.at@ the aapjitatt ©f tfc# ©oai>let« mmw& m» te# ©f 
®aoa©ffila s».d. geaelle f&lm* 
ibii# fkm, procedure f@r ©aleslstiag s selmtlm latex. 
Baf#S lapoa part rmoMm ii' a©t withia^ %h& 'mope ©f ttie 
preg«at stiidfi,. ol the atatistief. f©r that 
ar© prestiitti. lifre# flj® usetulmm Qf tshest egtii!.at&g 
«ill •&« ii'TOttSi®# appr0fi»iat© »«eti©j3s». 
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tk® l.i£0-*s mm ttost t©lleat«4 fey "l^e teetS 
ai,iO0l.sMoiiS.« Maaf ©f the pgeoris w«,re mad# tisaer fxireiie-
ly stelt * eofitltlstts »tt©jb m oftia ppe"r®lle€ is M-
fsosfd Heflitrf C&H) snS leglstri" ©f 'I#i»il: C»l) 
Wfetii. woAtrs restrlettfi tliatr p©p«lat3.o-ii %© ®©W8 with at 
sir, recoris sat# wsitF AE op BO* tmtiug e«^»-
fees# W'tre stleatt4 aate-rlali-. "'¥li©ii gm&e esw®-
lati.Qiis wtre mmi&emi., failttre t© rensire .li«M effecti 
aii<l til© effecti ii@»ii-oii to rem^s 
Mltliiii tlm UerS. predtteei the M.0 eer-feXstioas »©t®S afesTe* 
tifford Cli39) has I»tfiewe4 tM# llt#ratia*«# pwXor t& 
that fiete eenoernlxig H10 ^elstiT# mcmrmj ©f ¥a.Fl©ui part® 
©f isetatiooa. flierefe.ft it ««#iis neeessapf oaly %& ©oil-
sa fese^aeBf l f  f epor t i i  work  *f iaA '©l i  Is pmtlmnt t© the 
presm%. slai,|-» 
•Qlfferi 11939), eoasitiififtg slik aai f&t proaaetlou 
fop ©Miittlativ® wo-tiilf periois, eorrelatei p»atteti©ja ¥©• 
tusta gaeetetlve a,g®-gr@«ps,| saek i.s isetsjloiii startei at 
two mi& al %Um-§f &t tkrm' m€ &t fetirj, mai at fom miS at 
f.l?« yeaift of 8g#* le w» inlertsteA la ©tatainiag tii@ 
©a^llest p«Floi in tb® laet.atlott tfhieh 'wouli glire highest 
mmm§y m-§ m IMlcator of me proh&m& prnMrning ability 
of th@ ©ow. IteoMs ffoffi ft hei^,® ®f g®y®a brt«is lii Iowa 
6©« testiog Asseclatloas wtrs laeltiSei* »&#» eoiisi€®i*0a 
6 
#11 SB iatra-tert basif, correlatioas b©tseta parts ©f laefea* 
tlms aiait is iiiesttslirt a,g®s if&Bgtd fpom Q'.g9 for tfee first 
iBontii' %Q 0.77 fer tii© tea moiitlis Ifo-r ©ilk;) end 0..31 
for tlie first soatb to G»5i f©p tim first eight «oa$lis Hqp 
fat), lla stttdy iadlostes that i*e©c!i^a of esrlf aeiithB 
(first 'ttoee OT tour a@i3ths) ©f the la-ot&tloa clessly .ap-
ijjfO'meh tlj« •mmlmm m§tnlmBs$ ©f 'th# •eatire reaoM, 1,. #,• ^ 
values as ©lese a« 0.43 ?ertii.g O.M' for lalli: foi? tfee first 
fO'tir aad first tea. aotttii eerrelmtl^ng feetwtea ages tiiret 
aM f'Qwr, aat 0,§3 irtrius 0,§8 f©r tMt gams periods Tor fat 
for ages four aM fivt,. &ud m -txli^est &$ 0»60 fersMS 0«'?7 
foi» silk f©r tlii first fiw^r &od firit tta aoatli eorrel&tioa 
feetweeii age® fottf tJid five sni. 0«41 terg^is for fat f©r 
til# f i r s t  f 'Qur  aM first tm mmtt mrrslMtim for agti two 
ao4 tteee. QitfoM Qoa&lm€e& tu&t littli i»er^ase ia ao.eu* 
m&y is obtsia.et by esasideriiig psit the first three or 
four ®©rittis ©f* tla.e l&etatiea'. 
f em&.  (X94B)  f ' emd  in tm^^he^ .  i^eptataMlity of 0,&E 
and 0.45 for aiit butterfat produatisa wli#s e©.iiti4©ri»g 
til# firgt B43 4ays ©f p.3?odttetloa fej ftjlsteia. ©#*§ iii ttie 
lova State Galleg© fialry bei^. 
Se»|: Cli4§) an lntm*b§3?i S0ri»®lati©ii of O»£0 
fep bEtterfst pr©tttati©ii wMm ealeiiiat©4 ®a -lei^ iffiproveaent 
Segigtrj C III reeo3?fis sf Islstela cows wtiieli li«i at least 
f 
six the iamglilti"® of 
eowfe, iit f©«Bi m ae-rrtlstlow ©f 0.4? tli@ first mi 
g#:ioa4 r©§eri.g, i® ptitttlatei tti&t th# ftaas* 
wsi m l©w CO'Bi'l b®@au.tt Uli© si,x-i?@e6p<i eows w«.r© tb# siir-
flvoi's ©f sstei'®' g«l©@tioii whltfe had, ressfti ®@»t ©f tilt 
ews whioli woaM be faaai la itaseltetfi 4ata. 
iW%^) iatpa-ti®i?a 
egtiiiates fm huttmiBt prQ&.mtlm rtportit ffe# faflsme 
©ottme# aiii tties«-®stiEs,t#i rsagti fmn o.gi t© 0#4ll, In 
Ltfiiteg* ©wB itmif ©a ill JtFiia.i' rteord®, tal?a*iifrt re-
pea'tatJiiity §>t S0& taf fat was 0*41, flie 90 ,pe^ 
seat -isoiifiitriee iatertal tor tills ©'itimate wag 0.40 to 0.42. 
I,afe®fi «iii B&mm CliiO) imni. iutra-totri rapeatmfellitj 
of Al''.rtfoMi tej -leliteia e$ws is tb# list#ia;i*i itatloa hfM 
to be 0.44 f©p S0& day fflilk .prtttittien sad 0.49 
aad 0.36 i&r SOS fiay fat protmeti©!! for a©a-eoattai>©i*ary 
asd ®oat©B|5@Fary ©©ws fespecjtively. flat trsiiii, wMeh 
steaei i^Qrtajat in tiit litseuiPl ktri, woalt lief#.iiai &a 
9.rfe©t soBtwfe&t slailsj' to tlfffrta©e@ fe'etw®®!! liti-ta Ie 
iaeresslag tiie reptat.aMlltf ©f jrttsri.f by tlie.iaffis ©ow 
wh©ri Boa-eoiiteiapei'ary mwe wm& stail#i. t©g«t;ii@r. 
jah-eriesoa CiiSQj mtlewM tki® faluei ofetataet ia 
stutiis ea Svtditli ©sttl#., :latra*li@f€ rspsstaMlltf ym 
Qt tbs oM@r ©f 0»3S t& 0.4i fQf mill; yitM a»:A 0.52 te 
8 
0,45 for fat fitit. Hit Itagtli @f iastatieas wms 300 Aaya. 
lalisd«¥aa (itill., miBg tlie firtt foui* Igetatlong at 
^rihire esws f»® twtlft iiffersut Jatrit, -obtalnti 2*e-
ptmtafelMtiti, r®a©vsl of age affsetsj af 0»5£ for 
first 180 fisf aii^^ prata®H©ii ariii 0»4S fQ*» total lactation 
yield, lilt fnwl&nm due %q ag« vm§ 2Q per mat of tlae 
|.©t.ai ¥&rAatii©a in ,180 day jieMi eoap'SreS to eim p®r ©ent 
for fbs a©j?r©8f©a4lfig Tsltte iii-'tetal fieM* the lattta? 
value w&g tliou^ z tw« ts llae fast tMat fi-rtt e&lTtPt, 
wtoieb mtumlXf to&€ lo^fr ISO dsy yitld® tksa @Msr ©sfii, 
liai total yielis ofexri' t© tb© prattle® 
sAoptei ia, iatMs ©f gt.¥4»,g ttieii Imgwi^ ©elfiog 
vaii. M« stated that tiit neeS fo3? ag© oorreetlta Is greatlf 
.iii0?tas©i vhmi 'mlan %m ilaort (ISO tafi mmMs* 
Pitt®, ilagli, sat Sebttlts® C,i@iS3 fo^ttM 
latrs-lat^rfi .pep§a.t&bill$j &i batlerfat rec©pi.« f©r i©3..st©l» 
aad Clueras#f eow® wltii at least tw# 305 4^ reeoMs to be 
0,3£- fh#f tint* t&e v-aiat w«s soaewlmt low, 
pessibly b'teaiis® ©onftnlioaftl falters f©,f mmwertlng SM 
mll'&iag tQ s 21 'basis feil@a to f©r ©©»4iti©iis 
prevailing iia th% h&t&^ fills wotiia hat® a«tefi a;« a ©ouro© 
of €atip©iiii«iital fgj^lgtfici'® la jftfimelftg tli-s eorf.tl.mtlon b@-
tw#ea pteoM# toy tue §m$ ee*. 
CaPfi0ii»© C3.i6§l imM r®iJ@at8bil-.% of 
9 
aiagle rec©rds of milk yleid of 0*41 for Braglll.an grade 
cows with ¥sria«s si^uats of Siiamenthaler felooS. Hii 
method of ®B%Xm&tlon was to di.?id@ ths 0©ws mated to ea©h 
aire Into a high and a low group oa th© basis of the first 
.reoort of eaeli and lii©o to aferage later records withia 
tiies© , two gTOups. Tm ratiO' of %h& dlff&TmQ&B. (average 
iiff ereiice .iJetweea later reeoM® / gterage difference be-
twe©fi firgt reoofds) waa u#@4 as m sstiaate of repesitabi-^ 
lity lor single re@ord®» fais is eas^ to aomputt and explain 
arid it approximates oloiei^ tiie regT©isio.R ©f later records 
oa first reeordi but is a bit l&m @fri0itiat iii tii© statis-
tlosl smme* 
fh© falue of 0..4 seems to be a fairlj' reliable esti-
laat-e of iritrs-Herd repeata'toilitj ©f 243 day up %q 305 day 
pm&mtlQa of f&t witii a slightly Mgtier figure for silk 
pro4u0tioB. liOitfer ¥alue@ have teeto reported but generally 
la tboB% eases t&s isdifiauals stwdied were survivors of 
®om© sel©ctl©n, vshieli would tend to hate rsfiuceft the true 
differsfioes 'between tii® surviving oowi isiid ooneequentlsf tjlie 
estifflates of rep^atsbilitj. 
HaritaMlitj' 
E@t;iffi.ate.s of beritaMllty are baset m resemblajaces 
10 
file iatra-si?i? r®fi*#«fi©a ©f fiaaglit©!* 
©a fiaa lis/i stferal @?ef Qthew -fer ©sti-
satiBf of milk mi€ pm^mtim In 
ftairf eattX® (Lush., 3,t40).' 
of Bilk Alia fst |>p0itt0tl©fl f©.r varying 
foftlusi ©f Imtmtims liate not hem fspoFtet^ l@ my 
laigt, oilier tli^ for six and ci x ft wp t® twelve »athi. 
In titw of IMS,/referencet to rmima' att& •mmmlrnM ©f 
tarlf w©rk sad tlie aor© rtetaf tstisetei- will fee eltei litr#-
SiFQfie aM.iiUik l,egat®s Cl@4S), »S Labeii aii5 
Itwaii C-1950J hate ©oasiityei the larlf 
worfctrs ptported eatiraates for iaaflit«,p*ia.m 0@rr#3.a:tiooi, 
ttot ©S; m iiitrs-sli'e of lalpa-lieM basis, &t 0,36 t© G,§0 
fo,f .ailfc pfQdastlon md 0. SB to 0.40 t^T tat 
til® irielttsioa of tavi^uiifntal eorrelmtiooi between pela-
tl?#g wltMa a lieM imtild loal,# relatltti appdsf ®op@ aXik# 
g®fi#tlosllf 'fcliafi iviita corislterei oa m ©p iatra-
Bim baais, 
Sbrotit ant Lu§h (1947) iBSleate that eitlmatei ©f 
toeritsbility of tiffsreases ta elllc m& Mtter-
fat pyotoetloia. have l)t®n aboat 0*2 to ©•S noet gtudles. 
,L#g&.tss (1949) gumm&Fli&d .iierllsMiitj estliiat®i reported 
fof ^ fetttteffat pTOclttOtlom* I*itra-liei4 daughtei^-iaii esti­
mates, ©a a sliigle rmox^ bmsls, were fr©®. 0,12 fsi* eight 
1.1 
soatiig pronuctidii, O.IT to 0.28 for ttfi aooths pFotuetloia, 
ftoi 0.13 to 0.50 f©y t¥elt® iaontbs prodastl®!!. 
•|ielg©a tlMS)., ia m  m  tfae o f  
luWm&lmg la th® ISO iQlsftlii S«3?i.|. ttsiag 51 SOS IS 
fettttsi-jfat pf©4ttt$aoa, rtptrfsfi the 0.*23 for th@ iiitrs-
sire r®gi»®8si@ii ®f iattgiit®r m -iaa. ^Siis Higli t^alue for 
Jatritateiliti- (0'*4$) m^sy' he hM mmlt of aglag average 
reeort.® slthomgli t@ s®t ateont IMs. f&en ®«m-
iid«rlag lie e t f m t s  Q t  laferittiag m pm&mtlmf t!ie ©©w«'f 
llfeSiii® &wm&se feelttrfmt pr^t«Qti©ii was It aar ti>« 
that the sm-% m@mg@ .rteerii w«rt asti. lo ©sleulat® 
ftfellitf. .If #©1 his estiBst® f&w htrltsfelllt^., wlieii rtitietd 
'tQ a slaglt reeeri teagii, will b© m@m ia llae with tfcat 
rep®rl©t fef tiie ether worker®. 
Imgh C1.S40) ®oiigttt©<i. herltaMlltie® ©a m latm-'Slm 
Mils. Twim the regrtiflea &t fi.awglit©r o« was 0.40 
for 31 30® tsy ME feiitterfat prS'4aell©ii when, first reeoris 
©olf wtr$ aiti. §&me &f tht i«e iatft at i®lg©a. witd Here 
ioeiuitd.. 
Berrf Clt4i) gtwditi fat pm4.m%lm- for ©ewt with at 
l@a®t six r«o©.rds. ^fhe latra-heM ao.rrelation l>etw«@n 
da«glittr and fia« was O.p? oa a sisglt rtesrt ba.gli. H® 
eetiiaet'ei 'that, hM tli« e©«i a©t b®«.B se Mghlf etieetei^ 
a herit.aMlity fala® ©f abe^t 0..20 woult pro'featolj havt 
been ototalnta. 
M 
tfXm aad iimf) stttdlei of milk 
aad ImMtmfat ppQ^otlm io 6.,SS8 daaglit@^4» faifs of 
^rgiilfta UBiiig tb@ iEtFs-iif© mg»m$lQU fflethdi. flit^ 
#btsia«€ 0,2© ant 0»Si f©? lit.pit ability ®f slsfl® r@0©3?t® 
ef biitterfat end sllli pyeSaetieii I'eipfttl'ftly, 
I,efat«s Cli4S), asiftg ill r®@©ri@ for 30i fiay 
fettttsyfat I roduetioa, foast a total ytgrfiiiOR #f iaii#it®p 
sirejpages ©a Sa» of §.§£ when tli@ iMlmmm- ©f 
eoai»a eiiti»»ffieat was ifft©r@S, tlase f#«r-to-yea^' 
©baiigts in lieM entirsoseiit ¥®r« tbt iotrt*^ 
li®M ?©gr«iil.©ii #f m -iia wat §»14. ©a tht feasis 
of gliigie ree#F€#, tli© intrs-^htra riti'ltafeilJ.'lf wai 0»gl,' 
ilB49) ub&A mm0 ©f tbs «sa« is-ta a« Legates 
bat ''tutilf® mlf tM®## @0wg witM tfpe ©iasitfiestions* 
lii-t ia-tra'»«li@i?a iatrs^i^ear f-egre-ssi^u. of taaghtf.^ oa du®. 
Wfiieli ke fomM fitlisi 0-.18 ftr feerltaMittj ©f S0& d&y 
butt&rt&t pm€m%imi, wbea e©osl€tr©t ©m a fiiigle reeoM. 
Msif •. 
and Sersaa C3.9SOI ropoj:^tef3. latm-iiFt regr##-
sloag ef effspring m &m of 0*33 'ant O.SS for atlk sM 
fat pmdu&tlem r@sp«etlf«ly,, aai con^elatlofii ©f 0*5£ «M 
0*Ef, tos»et ©li lifetime Mhen tit »gf®®iioas 
w«re «© a single F«»ri hmiBt me talttgg for 
Mritability vem 0.*3€ aa€ fslug a 0s,oteg^©i*ary 
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ulth rmm^s for fh© i*ec9i€ atartst th® fifth jtsj? 
of ai@ was its«i afii Im tmm 0-.18 f©i» tlis lRti»s-slr® regre©-
g.l©a @f damglit«sr ©^n 4sa:. 
Cl9Si),» ii€lrig m© avtrage ©f all 180 Say 
yieMs ®»a© fey 73£ jyr.i*etii.F® i,auililei?-ii.as pairsj ©totsinei 
all iatiPi.-'Slre 3?«.gr#'S8lO'ia #f iaagiitsr ©» flas 0,21» 
abllitf ©f fiifigl© .reooMs was ealculatei ts fee O'tS?. 
atellity #f flrtt 18Q day p?Q.#aetl6a wm O.Sl fsr iOS aaa^ter-
d«a pairs tf lyrifeiw mvs* HI r®#©pt@ wer® «s#rrt0t.@i f©f 
sg@,. ffioatb ©f ©slTiag, sai Itagth of prtseting eslviog is-
f0mUhmry itmi}.., •iiitag ISC iolstela ilB. reooi^a @f 
243 day 2X IE sll^ atiS fat pF©itteti©ii, ^ofiilSe.rti tfe# la^ts-
tlGB, staptet nearest m# i lr4 telrtliis^. m a ®iRgl® we^r# 
feasis, heritatellitf *sa«es<. ttsifig iatFa-'Slf® ^©rrel&tioa of 
•iaffi aai. damgiitefj »«rt 0...5 #©?• iiilk aa4 Q..»5S fer fst 
dm#ties, iwf @f nil# data umA toy ielion Cli4S| auli liap; 
(19451 w@m laelafiet la flili staif, 
l,si»90B,, g:ia&p«afi, toA SaJiia i l9&i )^  ttiiai DHIa tea-
ffionlh first ImtMtXm fe'mtttFfat fdmsi an latfa-
@lm ^&gp%»alQU of offspflfig on dm @f O.li. fhejr also 
stttiift total pfodttetloB %Q .glv®a agea, ttoerlslng tl»st 
aa*ls«s lifetiiat. pf»od«<sti®ii wotili result tmm Mome eeatelRe.,-' 
tioa ©f Mfii I'eprdtae'tife ratts, sxA lilffr proSm^tlire leftla. 
IS 
eowelatlug pro4metl#ii t© ttortei fow?, flif©, flix, aiid 
©f ag0 ia SaugMer# witli total pfoAuetioa f© 
eaeli -agt ia taas,. tUtf tom& little mi&mm ©f as .asaoeia* 
tioa 0t per imf of life teetirtem fiaiiglit®;r aM da® 
Sees,at® ©f th#ft mrmlM%kQB.s, t4i.§ autiieiPs stateA tiitre was 
so ©fldsae# ©f fttrttaMlitf ®f pf^Att»tt©a p^r iay ©f life 
at sai of til® yearly es stafiitd ft*©® three to $mm years 
FIms, miigte, tas Cli§2) ©orrelatai pi»obal>le 
pr@i,tt©iiig atoliiitir of fiaaglitef aafi toT SOi iaf 'b«tte2»fat 
gro4aetl©af Mmhling. tfe# iBtfa-sir®' 
O.iO f®r iieritaMlltf. lh«f sfetet that tbls flptr© wojild 
b ©  # x p ® @ f e t  t o -  ' & «  h i  h t r  t h s j a  t l i «  l i e p i t a M l l t y  f i g u r e  f o r  
ginglt mmrHs tey * lleiiif tliflr of 
2,S re00i€« ptf eew fsj ssi repeatsMXity {r) ©f ©.32, 
ii«.2ritaMlit|r oa © single b#tig 'WomM b« 0.57. 
eariitir© CX®i3) starlet the rmoMe of •» feeM of 
grate Bfs&lXiaii ii*eatli®le3? 0a,t%l» aat feaai lieritabiXlty 
of ^OS Say aS.lk yitlS to- to# Q,g3, «aiag lBtFS;«gir® mgrm-^ 
slo-as ©f dau^te? ©n a@a wbtre tli® i®«i hafi at Itast two 
rmor&B: «M. u n at XeasI oa© taagtitsy wltii a rttoM-. 
(i9§3} tata fro® 2,628 €awglit@rs 
of 149 ltd ©sGlsk tells ia tt.8« ia artlfteial Xfigeoliiatlta 
etiiters in Bmagtiteri ©f a toulX ®6Bt to pro~ 
S«iif t-tstlfig «eo.%ei»t where speelal p&las ifer« takta t© 
li 
s&latslii m&eT m-wf geai mi mvlmmmts^ 
©oadltloBs. mrit&h%li%f ^slttes for m ammm 
perlQt of 304-days w®r® 0.f§ for alii: fi«M ant 0.71 for 
aili: ei3»®ot#t to 4^ fat fe&sl® {f®^» InfereMliig wai 
tiiQiig-iit mat to fet a .najor faeter i® e&ttiaiag aa®ii high 
?aiuts« ajelit&i Cp* IS) statgs tliati 
fsat %-iist »iily these two oFoductlon char-
att@rs {&%h&r@ oofisid®red were boiy weight aiiS 
ffflolencj of food atlllaation), which were 
stroni^ly influenced by the special envl-^ 
deviate £mm wtiat might bt ej^eotet,. 
gifts SQae etMmee that it Is umifily the tatl-
ronaeat vMoii It responslole f©r tli@ deirlatloa. 
Xa©, ©awi0», sad 0o®k |1953|' lifrltability 
of flrat Isetstlon r©e©rt» ©f Sllttng Short oriig trm 
1934 Uimugh i9§l» B&llf allfe w«lgMti mi fat 
test® wtre reetrdti. Mhm Intra •sir® regrttiiea of iattgfe* 
t«r on &m was ealeuXatet, kerit&toillly figures &f 0..7i 
aM 0.84 far alii, ant batttrfat proittetlesn W'tre ototalati.. 
Bielr aats laclnieA 81 @lre-s sM 123 iaugiiter-tasi pelra. 
It Ig dlffieuXt tQ t:xplgln til® *alii«s etotmlweii tof feis 
ffleti"i#a gi»©0 paternal half-slb lailsiitti 
lierltsMllties te -bs #f tfe# ar-ier sf 0.14 t© 0,S0. flae 
laotatloa lengttas f©r t&eg® first ree©'^» rsagtt fTOm 22 
tQ SQS 4sjrg, 
1?' 
fhm ph&mtjplM eofrelatloa feet¥#en tmo 1» th» 
iw© itt&iflitisl tnm gmi% sfXtets aai/or 
«ii-virons«a$«l effttts* • • fii« piieastfi)® ©f a trait 
iX] is-til© ium #f CS) aai. Ci) mhem Ct| li *1*® sa® of tht 
&•?#!•&§©• #f ail the genes ia th% laaiflfittal (g©al© 
©jBt CD- li ©ooointi efftets' of eairlreaatat,, 
iaailaasee, sai eplstssls* thf phenotyple «op3PtXe.tl«»a b«-
t«@@a tw© trails la th® smm ladlTldu&l Im 
%Xj * Sl%iGj . 
tlm (mrml'&tXm 'hBttmm tbe faaic falties), sni l» 
%m mrm'Mlaii* fMs- it shmn disgfaimati.* 
mlly Is til® lethoas s#etlos m SoiPrelstioiis* 
Slae« th# iiagiHtaa@i of the eavl.»iiiieatiil c#rrtlations 
witMa tilt Mm® loiltldaai ar@ iiffleult to sfSertaiia., 
rtlatloog fettweta gtale tffeeti io tM asst Isiivldual sr@ 
estiaiatefi fej oaleiilatlfig • th# ©©faflation ©f ©a® 0biex*?ei 
trait In aii iiiii^lfiaal wltli the mme^ «a4 with a gf©oat trait 
la a relates fMs is tia.® aettiet Qt iagfl (1943).. 
a©n@tle eorrelatloEs letweea pro&uQttm aM type, 
growth, ant other traits h.af© b®®a. repertet in th® 
IS 
. fe A&te omlf a pmgpem mp©r% ©a geaeti© 
eoi»rtlati©as hetwmn irajpflsg ,p#.f»i®as ©f %hs a»i 
til® vMle lass 
BmA0 sBi Cli4S| eo«sii«ret gmwth 
m%e@ l» ttet pig*, iitiffiatas ©f g&mt%e fee* 
twmm i@ isf p®rl©tt fmm t© lis aaf« df  agt 
w®r6 ofetaiiifi# fii® gtuetl© mrmlmtlms mm fewitfi te l>© 
lajpg®!' ttiaa tb® eorregpoailiig ta^li^aseatal 6©i»r«latloii«, 
isSl^Etlag' t&e p«riisteii0f of gtal© &i@a«tie f.ai*lg*» 
tloa w.as la the sseesi IMs p©i*ioi also 
-vas tHe «>it effl©.l®at ©f tli® •tbi^e# peri@4i is sfaiiirlii-g 
ktreditajfy gf^wth. rat« foi» tHe mmtlm perlsi ooaiiitrtt. 
Saepp sM Ql&k eoiifii4®j?et gains la thm@ 84 
tay fteiimg ptpl@fii afttf wssotiag ia teeef e#ttl0 mefkm&a 
similar t© those p^opt«t toy iagel, iafefr, tat Itlaailltr 
(lt43}. Eisapp atii eiari f0»iid pp®gjp-®ftltelf l^etteF mmBures 
©f total geii#tl© frowtb la lat-t? parti. ®f the feeiisg 
perl©4., Q-metiQ wag Ispgts"! .In iMe tblri. p@,rioa. 
Siffer.tnee® la .geiittle atoillti" to gf©w mmed td be .mest 
eaiilf 4»iag tb© tte.ira pmrtod (mm mntmst@4 to 
iScsM periefi is swiae). ffeete wo^Pkem fdiiiii, mi Sii. 
Isstl,. .ji |li4SJ, %ti&t tft.e g#netl0 00rFel.t.ti©n® In all 
©ai#s w«rt laifcjfr tiia» tlit e©,i'r@fp.©ntiag esviim''fia@ati«l ©©.rrtla-
^loas, .iiia.i©mlia.g lliat siteli ©f tfa# ge.aeti0 vai*iitM.ll% wai 
X9 
&m te g&mB wliisb affeetei the trslti ia s®f«ral periadi, 
file prti0ot immtlgfition 0oasld,ei»fl a gtui|- sialism 
to that .ripertet fey ast 0.fttden 11948)* ffeey 
laatet geaetio eorrelatiotts betweiii ^iinal eg proSaation 
Slid euauiative #gg profluctioii fO'f. fafil.af lengths of pwo" 
dactiafi. iliile sm^k msfmlmtiom art largtly eiutos&tle,, 
ill tiist tlie wiiole &sd. its parts ere <S'©rrslated, such eor-
reistlofis are ?a.Ild f©r us# ia prttictiag tlie sstlr# 
rteoM fro® a. part resori. Saefe aaS estlmstes 
are u.miul iia©® Ottamlatlife pro^uGtieo i-iceMs si*e TOmtiat-
ly 0o»pttted» ferslittscf of geaie ttftet® was sfala 
deiuottatrslei. by the faot that the geattle eoFrtlEtioRs 
wer# iilgiiej* tiiao tiie oo»espoisiifig piiaastypie ©©rrelations 
for tile tarious pi»odttctlc5ft perlofig ooosifierel* 
a®fid@2. and Robeptsoii (1950), Iri a saiisarf of ps®eai»eh 
ii* prc-gftss at Sdinburgli, repo^rttt that tli© feiseti# eerr#-
iaSiQti b®tw0®ii first 70 flaf EilS; jieli aofi total leota-
%1q& yield vm elgs© to em* io siAitto»al lafersation 
lias gi¥ea eoEoeFrilag tiie iietlioils asti to #ialys® tlie 
30,000 laetatioa peooMs fro© tlit six »aiii fereeSi.* 
go 
somes Airo or Bii,m 
Itoe iata ttsM in thin stiidf were tli© 9i»©fiii,etioa i*©a®ri» 
the Iowa Stat® Celleg® 1 itsic ialpf htrfi for tfe® pe­
riod fmm^ 1940 t©' Oeeeotoer 1952. ffet allk pro* 
auotioii 0OQ.slsta of tailf milk ^wtlgbtg reeoMtt hy ealen-
i6.r, ffioiitii®. Iloattilf Dalrf iefi Ittproveraeal ^gtoolatloa 
CBflI.i} fat ttBtt gre also recoMti aM tbsg© art mwltl-
plist by the'total sctiial allfe wtigtits .foy t&© iBontb to 
©tstsia tti@ fat proaaetlou. f»*mlatlf@ Cbj ealta-
iar aoatiis} alllt sni fat pi^oiuetlea. totals are reesritt. 
G^ofiplstet rteapa® of at If.aft g4S Says duratioa were 
aeeS is tli« itutf, Sfeere tJit laetatloo was leugsr %hmi 
243 iajf bmf Itsi thm 274 iayij. tlrit lm% reseoMed miati.-
latife total wag ttstd ag the 2?4 day and 305 tay total 
proaiiettoii.. ilailsAf, 'wfee-re the .reepft wme longer thm 
E74 fiai's but lets tham " l&ys, the last y-teeMM atiatt-
l6ll¥© total was uset as S0& tej total proitietlQiu Far 
exaiiple, a reooM w&e eoopletefi s.f £60 dej® wltii s total 
prod-u0ti0ii Qf L-v p©ttiids ©f battcrl'&t, ii»e© tfels was a 
eofflpletei r@©os*i., the r>ro<liietloB tor thu first 2?4 and 
first 30i iafi ¥.aa also .300 pQm&-$* %t an aalasl we.s soM 
pfior to ocaapletlttg a 305 t&y reaorfi twit wMle still ia 
pjcoSttctioa, tlie recox''^ vm not iaelnitt hm&me &ctu&l 
21 
ailk Mtigbts ¥#T0 and ineh, rtcoMs would 
mqulT@ @xtrap©iati©ii. 
lill. fet were muM:®# to %M aeartst petma, flit 
pmSkUutim aaA pmp%r MsBtifylag lRforiisti©» mm pmote^ 
QM. InternaBmsiaeii Umhkm Clil| eai^ii. fJi® iitRti­
ffing ifir®3?»atl9ii: pumoik^ was oow iat© of birth, 
af® at tm&hmingf laetatioii atateer, ©wialati*® uimhBra of 
days, ami sttBttls-tife allfc aat fat pr®ittett©a. Mr tmsBiple, 
& e0w*s ukl% was first »©©i^ea ©a 2.6#. fiie laetatleii 
©ard noaii .fl?# Aafs ill wltb# s$f, liO p^asdg of 
(Bilk iisi §.e powfis ©f fat. fUt next eatry wowli to# tli« 
pi»Qfiu©ti©.» f©r tt4« 31 €ajs ia J'ulf, ss^T'# '§30 pomds eff 
.ffll..ll: Slid 3g.6 po«&a of fst,. a«S all© the ©Mialati?# 'pm-
Ametlea for tlie first 36 iay.® pe®o.r€.ti, Siaee p»d.iiotl©n 
.for 'Single SO' Cer 31) iay sM eoaalatlv© SO iar 31) tsy 
iB'terrals was an iiitt:^olat.l@ii 'pr0ii®.i0 Mat mmes" 
sary t© -o.btalii tin® sQatlJlf ant ettwilstive fal'B®® for •50# 
60, 90, ISO, ii0, 181., gl2, 243,. g?4, ant 30-0 tay milk and 
fmt p»ta0ti©a, f&Bpe'.f©rt it wat posilMe eal^Mlate 
proteetiea t&r tii.e first 30 isj'i, .seeoM 30 Says., first 
60' &&f»t and ®11 other possible Bssthlf laterrsls. M 
li.ii.ta.r lBteFpsl'«,H©ii wa« ptpfoiwed uaiag tli€ ISM maetoiaes. 
lavestlgati©.iis h&m gmer&llf .itowo pre'^aetien wltb.lB m 
%Q be li.ii«sr «x#ept foT tlit first 30 .or 4& dai'.s. 
m 
mmmtlmB at 'oy leafiriek Cl&§'5} mm 
ttsed to mrtmt tlit profitictieii rtearis Iq a amtare-
cm toasis-. the trnqmrncj of allM.Kg wm Si 
imtll ^Pl'l. 1943 »tti iigi EI ffsf 411 parti 
ef reeorif ast# ^rioy to t&at iat® vm® ©©weottA t© a 21 
.toasis by amltlplilnf SX ppo4tt8lloii Isf tht faet©!? 
0.83, 
fiie ifi pe©0M« fef 2i3 ©ene (aa s^fei'agt ®f g.,3? 
r®eoMi per esw) *«rt ilstrlbut-ia at f©ll9w«? 253 first 
fteofis, 153 B-mmd S§ ihiM 48 fourth 
ftaorii, 3S fiftli 1& sixth rteeMi, f Bmmth 
rempi§i m& 1 mmM., 
Listed m falbl®® 1 »€ 2 ,mre tti® EX Mi monthlf aai 
eiiattlatif® utaiiis aM staMari 4€¥lati@Sf in pettiKS® tQp 
tile 599 pteoris. fti# e©«ffiei«ats of tarlalioii ©r rela-» 
tli'f f«?latt©as mm sia®, li,stt5. Klill# attii ff»©fitt©Hoii 
pei» ffloath t«er©a,s«A sf"6®r tfe® s®@0a«l ao'iitb, tMe irariatloa 
alss .dtoreasMj bat pyopsritlQiiatelf Isfi, ftiultlag la m 
iftcre&sti relative * 
Si-slltr #f fartatloB, wert fowit f©r tMe ©©uttr 
ffisattig tiisjt f«>jp tfa# eai*!.!- of lat« mm%h& &f tii® l&et&tlaEa. 
ftie eerreetl©.!! faetpre w#re mer® oofr&et f©r tlie e.©ater 
aoEtlif tlimtt fer »» m%mm% mmiths-f, at aay b« mm later-
la Figs,i«@s 1 m& 2. fmsum&htf ttie #xtF©iit aoBtbs a&j toe 
23 
fabl# 1. Mestiilj aacl »®aa® tafi rmi&mm 
121 l.E* itt. 
wxm 
it« 
StaBdsrd 
dfrlstioQ 
e©#ffl0ieiit 
•Qt ifarla.ti@ii 
motif BLt 
1-5U 15-$? 314,5 20*4 
u^m l'?Qi 317. a 19^3 
Si-90 ISiS Sll.Q It.O 
1®14 2m*2 19.6 
igl-iso 1403 279'. 0 It.t 
1530 273.9 20.6 
182-212 laot 270.6 22. § 
213-B45 iot§ iio..o g6.0 
244-274 BOf  m.s 35.4 
CnMTH.ATT VP 
mB 374.7 S®.t9 
1-^ 3tas Sgl.S It.E 
1-90 4871 90S.© 18 ,i 
i-lEO m&§ 1160.® 18.2 
i-iso- 7788 isss.i 17.i 
1-lSI tll8 1613.3 17.7 
1-£1£ 10323 1809.0 17,8 
i-zm 11S92 198S..4 17.4 
l-2m Ifcgss gl70.E 17.7 
1^3Qi lgi47 g374.g 18*3 
g4 
fatel.® 2» •. Slid fstang t&jtXm&est 
(21 I*E. - la peaMs) 
FAf 
Da|i 1©^ StaaSart d#vl.a,ti©JS ©f T^riatloa 
MOiimf 
1-50 la.g 23.9 
si-io 6S,f 11.f 21.0 
il-tO §3, ,1 lO.g 20. S 
49»6 10. E 20.6 
1E1-1©Q m,.8 t.f 20.? 
44.9 9.6 21.4 
ISE-EIE 41 ..i 9.3 22.4 
21S-843 58,1 10.0 26. E 
g44-.g'r4 11. i S4.6 
27&-30© 24.S 13. i M^.4 
OUMULAflfl 
il.i 
i-tO' lit. 2 3E.9 19. i 
1-120 814.8 41.1 19.1 
1»1&0 gsi,? "48 • 8 18.6 
1-lSl S0-®« © §S.l 18.3 
l*2Ig .348,0 «g.4 1?.9 
1-243 S85.S ia..2 1?.7 
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i«TOs 0.r mMmsB abb mmm$ 
Th0 -fmimB p&tB &t tht fTOt««tl©8: reeei^s w»r© ©ofw 
r@e$®i t© s ax, IS feasli ailag by .I.eMriefe Cii63). 
Blum tfe«s« tmtQVs mm for m$ m eeisplet# 
i*«a©rfi® wa« sea© fweftloa m to the tslldity of 
ttsiiig %© flae' ffer #®rr®etlag p»rts tf i*®0©M 
as ,f9r •eefFtetini IJi# mti^% mmM* 1, 2,, 3# 
4 iliiiftratf gFspMosilf th® Sifftreoet tli® tw© 
s.gf A®#® r#®©fi.0' whm tlie a»,iaal wm 
asaer Iter#® ®f agf lEi? mmr^a) mS. gtartti 
wH'ffi me antasl was ©fftf t&r®# fmm of af® <341 
file &t m# s^@ • @©i»F@eti©s festers warrants. 
som dlgemsiioii. fto faetsri w#» cleftl©f«^ to estlttat® 
wkat a eow liaf# pKitaoei aaiei* i.tai.lar eoMitid.ai 
Jbiad sk® fetejft aaturt C»ix te elgiit f@&rs ©f .age) at th« 
tia® tiit i»®eo,M wa.i m&Ae* fli® ©harsels-r ^eoagl4@i»«t ia 
t»ir®iapiiig the XM&%Qm was 3&S i«y {»TOtaetloB.' Fi.gii]r#i 
1 a»i 2 ahm the sverag® Attaal. wi s!g®-».w©e'tti. osjatSili' 
fi*©4ii§li®a. Q&rrmtlm ©f ps.F|.s altey®^ only fliglitly 
Urn sl®p# of til# glaee thf eoprectlGii faet©?# wer# 
ffiiiltlglioatlve m& sll pai?"ts ©f tb# smme la9t.atio-ii wert 
%h% §m@ i&&tor. Mf eheage ia sltpe vmM 
iiaV0 reiultei tmm €lffer#a@t§ la al«©.let« .a»asts,,, a 
27 
S 
^ /5 
I  
I 
/o 
I 
c: 
Ac^-ua/ 
Mature Equivaletii 
30 60 90 /ZO /so, /a/ ZIZ Z43 Z74 30s days 
r/C. / Average Monthly M//k Produciion 
Acfua! 
— Maiute Ebiuiyalenf 
P/G. 2 Average A/tanfh/y fdf Production 
28 
Agie / 
JO 60 90 fZO ISO, l&l 212. 243 274 30S 
days 
P'/C. 3 Ai/erage Mature fc:jiu/{/aJenf CumuJaffi/e MUk ProducHon 
Age 2 
30 90 iZO 243 
F/G- Average Mature ^^cfui'/ahnt Cumulafjve Prodvcfion 
g@ 
#f Im i5r©4aetioB feeiag rali#4 %&t $m& p#r$tat&g« 
hu% lB$9, thm a ©©iilfc ©f high' prodttotiQ-ii, ft# 
tiffersae# ia pBwwtetmey ,©f prMmntieB at tfe® two «g§s 1@ 
wslttrtt. Wl^mM S ass 4 gliaw the «f##age ikg«»e©»®®tei 
0aaml«"llVf v»imB. tor the tm sf# fFeapi. %% the SO-a Ssi' 
ptriet Ctali^e r®©©^) the eupvai fop tli# tvo Age gfotips 
oiilf siiglitlf. fli« r«lmtive tlffereao© it 
tor the firit »oBtli feat the setmal AittmrnQ® In pomAa 
©f mil%. or fat is ffsattst during tli« ©t»fer !»atlig siiS. 
thta feotii. t&f. aeluai aiii relatl?# &%ttQmmB.e fieertase a® 
tfee eiifittlatiir® p-®.Fl ®,ppf^,aelie§ S©i -iafi. Stiffti©a ©f eow® 
mlMwti. to pr&ia^e lii age two aiglit explaia a ©©aslsteotlf 
Mglisp f«l9e for tMs sge. 
Sl»©« tlie ag'« eorrsetl^Bs io ftcit' tafc® iat^ .account 
the 41ffe-i*#me©i in fersist-tiief festwtta reedMs aai 
lat®F tiief mrmmt mtlmlf ©aly fer tli® .10§ daj 
uonoii#r®t neatli fey oonfli^ liit s©we#tl0iEi faetors 
for fiygt ,rt#o.ri.@ mm to® small mp the e.aPly ani 
t0@ largt i-or la® lat© a©ritti®i feeing e0»#el ©aly 
for i».a%tis fif% t© BsiiaMs# ef tt4®ie biases in tii© 
meothly ag« oorrtetieas* th® .usaiya©# ©f TaMaise® for ©©1-
emlatlag rtptstEfeillty ©f tht fsi»i9as parti 0oiitgl.« a 
murm of fariati©ii *let*e'ea Ages* In m mttaapt %q statis* 
tieallf rtsairt thi# pftrtloalar soumw tf 'i^ariatioa. 
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flia® .^1 +> varianet iae to permmmt iiffei?* 
taeei mm$ aai ig the farlaae# ©efiipeaeol iC) la 
%h& rest ef t&i# ae@%i©o» farl.aeee wMefe is 
§#llti 1 i» tfet rtaaiadeif #f this s®©ti©ii iB.S if dm© to 
©avl.«.»aifttal tffsets »liiela cfesage 
frsii oat Isetatiea t® me%h^T* Si© fraetios (rj) tee 
inertatei, bj ttttiarttflag tlit efi?ti»eBa®ats iagefar &g 
tlist, d@@i»«afte# lli@ ita^ltua® ©f I* 
w@rt #»p«itet li#f« me- m iatrs-elass mrmlmtim. tialag 
©ompoBests ©f variase® as elst .alaei  f i»0» tbt mmlfBim of 
f8riaii0« (fislieri i9§0}* 
tti© satliemstieA »tel wliiati rtprestnts .an 
e©pf«^0tfi rteojpd aay lie asftiiita si f©ll#wg| 
m is & eoaitant' e®»s©ft all re#eri«., 
9.1 is the stfmt f$Qmm t# all rt©#M.s aat® 
Im tto® Itk ag:# * M* 
e| i0 tfee effeet @0»®®a t© all resoM# toy tlie 
., Jtb 0©w mA ^ 0. 
if .1k» rmdMm dstiatioa @.f t&e .litli rteort 
fey fli© eow la 111# itii &i® frsm its 
@xi3®ete4 valae.^ mg * ej, ati4 SC®i,jl;)^ • 
fijk. • tt t % # @1 * ty^, 
1 If. C g; # # » • 
Age gi^ttpg 
gi8 Oo¥i 
Bij, Rec©i»i0 
ptr eew 
vhem't 
.©tlier e^ptetatlofis %qml t© Et», 
.iaiieating tfa&l thw qmsatitles ej,, 
afit- ©ijj; .nB'serrglatti witli Btaos &sr©* 
ftm now is to eftJaate tbt mafaiti^te of tHi® 
©oa|)6ii«fiti A»-0, ftiit 1 and to oalculate ptpeataMlity values, 
asiiig 111©#© §oiipoaeiitii« 
fh® rmrimim nXth tiffereaeei betwesri ag® 
gwmpi resmlts frQn irrflttfaeei wlileii womM ea»@« 
a?#rag® In mm tge gromp te qi tuT tmm air©i»agt 
ppoauetioB la tim ©tlier ag© the fsetort used to 
«sori*tQ:t tiie prM.a©tl©ii to aa'feiife^eiiwlv-aleiKS® 
were amXtiplieatlf#. Xn tMe B©itl aitttaei to fepr^etnt .aia. 
age-corrteteci reeo-jpi# tlie &ge i&i) *ere aestaaed to 
b't sMitl*©#. fB© pttPpQit of tise^age mmpmmt wm to' 
statlitically r#aof® .ag© effeote wiil§li w«r# a©t fih©ll|' 
rtaofft tof the &gt mntrntimB 
fli.e wmimm& sssoci t i with pe^pttasieat filffertneei 
b€lMe®Q. proto^lag afellities of ®wi {d) ©©usists of 
^Icp) itfiried pr«irl.o«.iif. 
f&e fafiaaet Cl) assotliitta wltb error ®ffe©ti is 
mad® up of t.emp&r&rw entiTOnaieiital effeet# assiasea to fe.# 
raciiO'S froa ©'lie laetatioa to aaottitp. 
In fable 3 up® tlie tJi#©retieal oetffieltats ©f the 
e$»|)0iieiits of 'WB.rtmm fottii.i iu. th@ aea» SQU.a.r@'S 
.m fafela 4.. 
ss 
fatoie 3. • fhmre.%lml eotfflcleiils ©f mmpemnt® ©f 
expectei m%m Sfaarea 
ia fabl« 4 
Swa, ©f %»&!•# i A 0 E 
fot®a ». .  i . .  
S«t*®eR ftg@s i . .  
i' %.: 
11 
Btt'WS®!! 0©W8 
J 
i . .  ^ s 
G'oi'rto'floii t©» "f 
ITt' &f« # 
1 
I • li« • .| ** 8 • Ji * •?!© * ft0®S 
£ *» *• j " * '• * S « m» eewa 
fatole 4.' ABslysi® ©f irsFl»ee feet¥#«B 
agfg Kit eowi 
Sottret ©f variation a.f, - 'Ixpeetefl «©.«» tqumrei 
§98 i # 0..491 A • 0*996 G 
i®tw©eii ag«@. f 4.. g9S.46i A + 0*8g0 0 
Betw«m e@M« 252 S 0
 1
 
M, 2.363 0 
leaaladtr //•, 548 I *» 0,001 A * 0*002 0 
m 
l%§ r-el&tive of th% esapo^eisti ©f irarlaiiQe 
'##?€ rtqttlrisfi te '.©.slealate rtp©statellity -values* *Bie au-
laerieal valats #f th.€ eoapomfttti ner® etetsiaea l&y equat-
lag tb.e txpeetei iBtgjs^ iqma^es to the ©©spnt d mmm eqwapes 
arifl #ol¥lii,g these ©tumtioa.# fls«lta.aeowely for th® oompo*. 
iiente 0, I, aM i* fbe ©o«p$it@a$8 foi» the ir&rioiis »©Rthlj 
aafi euamlatif® perieSs ©f allfe sM fat pFotoetles are listed 
1« fablti 5.| i, 7, ant 8. 
.1, 
file pmp^m mt sgt was to pefslt ©•©lapar-isoa 'v 
of pjpofiaeti©'© at a io-upmpabl© stage, aaaelf satiiplt|f. He-
ptatabiilty atasnres the torrelfttioa h&twmm rmordB hy 
tht gaii@ mv mA aslag %ke ©aapoaeists e«l©iilsted tarlief, 
th.e ©Q^rralatlea 'bteoate ^ wbtre Q mA 1 ar® a® t©fla®i 
earlier, fbis- mx'ml&tlom is tfce of tb$ tet#! ; 
variftse# hetvmm mrmated pemMs «hieh is iwe to per®«-
amti aifi^mmes b^tw^m mws* fib# ir®lm©s 
for mmithlf mi mmXaMwe milk m& fat predtjotioa are 
listed iB the flaal mlumns. ia f&iiles 5, 6, 8. 
fli@ ei?»r ©Qspcjaemt (1) i® the varlaiio® teetweea 
rtaerds i3f tfe® s«e, eew, 0©ws with low first reesrii 
presuaiably weult bat# had & n^g&tlw® &mlB.tlmi from ths 
at ©rage mwlmnrnem* fhese tevlatlons wouli aot e»t©r 
Into estiiistioii ©f I* Eliaiiiation of mmr&.B ©f tingle* 
reeoi*# eows womlt proiria© aa wnfiertstlmate of 1. 
fsfelg §, Ststistieg mmemUMg repestaMlitj of mmtbtf alik yleM# 
B«tS^ m^M0Ut 
Fraction of sum 
iCt-A+F;} &t cosaponents 
lepeatabillty: 
fraction of 
total (0-^S) 
•arlanee 
C A s e A 1 § 
30 4B,S7g 45,,S4f m^ms • ,34S ,S61 .g§0 .&4f 
SO m^m2 50,509 5?.b91 ,444 .248 .308 .§m 
90 48,1S1 11,fit 4S,1M *4m ,.114 .41.9 
120 36,850 4 07)^2 48,^f&3 ' .4oa «.05§ . 540 .4 m 
l&Q 5&,0&u 45,.git ...414 .Old .576 ,419 
181 51,401' ^zm 45,Sli .418 .000 .-682 .417 
212 ES,i09 z,m2, 4€,^641 .345 ..©5S .6 5 .i64 
243 2t,,149 i,#ia Sl,8Sg -.tfi .113 ..SSI .gf® 
2?4 2S,7S3 21,.iS0 «8,.4QS .SOS .Its ..§09 .iiS 
30S S§.,ft6 g©.4?§ .2.5S .166 ..600 .280 
®Iatervais are 1-30 da^s, 31-60 days, ...... 2?5-.30S Says. 
6. StatistS.es ©©ii«ef»»ing rtpeatsMltty ©f ma.ti£Lw t&t flelSs 
Oaf s®-
Fraction of sum 
CC#A#E) of oomponents 
Sepeatablllty; 
fraction of 
total (G+S) 
variance 
0 & S 0 i 0 
30 ?$,§? 66,64 ^.03 .3&S .m§ .'•^2 .m® 
SO m.m SE.iS 62.11 .397 .207 ,m6 .SOI 
90 4S.72 1E.»6 63. S? .57S .log .§21 .417 
120 33.20 .312 .030 .-6§7 .Sg£ 
im^ 3.-86 1..4? 63.83 .m36 .01® .i?e .811 
181 29.m -0.24 €2.49 .524 .000 .S76 .384 
Slg &B.52 2.74 SS.SS • .2S2 .031 .717 .260 
243 18.95 12* S3 fS.07 .177 .114 .700 ,199 
274 18.56 28.72 103.40 • .182 .101 .^7 .151 
305 35. SO r?.38 lg9.£5 .176 .185 .iat .216. 
®'Iatei^alfi are 1-30- tays, 31-iO days, . . . 2?S-S0§ a^s. 
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the Between Gtum mm ®f squares will be looewhat low 
sine® ^eiFiatloas of seleetefi eowi fmm tlie m&m ar© ssaller 
thm wottlfi be t&e eat© wltli a© ©eltstioa. Sowwe.i», sim® 
E it ttii€e3?®stiiiat®t, at atoete# tbe valm© obtained 
for G %iill at Host t3# illgMlf Mai«4 Ammari.. 
Sine:® mp®&%SiMlX%y is ealenlattt a« the ratio of 
"'g:f aB& iiae# ttof eesipoiitBts mre Mas©i sllgtitlf dowa~ 
wart,! the repeatability falttes ©btalRtt will be reasoa-
ably aoowat® • or sligfetlj to6 Isrg®.,- d#p«a4t.ag apo» the 
bias in esni»i»g E Ig always ttmiersatiiittci. afii G isa|^ 
or aa|- not fee unierefitiiiateS. 
Staada^t ©wops for ttie repeataMlity val»eg were 
aalealated usiiig tli# fo»ttla prt«©at®t fey fishef (1950)5 
flier® wem §f9 3?e§orts fey £63 #awi ia tills stMf* the 
aferage fimsliei' #f feeoMs per eo« (£.5?) was as©4 for k 
aad th@ m&h%r of mws (253) tor a*, the fari©tts ?alue© 
©f r are «s®t as/® la 'ii# al>©f@ f0»als, ftie foramla it 
appllcatoX© only wlier* r lias i»tei^atel|' pusltiTe iralues, a 
sitttatlsa wkiieh boldi for tht rep®stal3lllt;^ -Rallies 0aleii-
latet la tkli itwtf. fh© ttsafiart ©ftofs otetainea werei 
X/Zki k—l) li 
Hang® of staadari ©frorg 
Monthly allk perleds 
Monthly fat periods 
Cumulative ffiil& perloSi 
Cumulative fat periods 
0.03? to O.OSO 
0.041 to O.OBl 
0.035 to 0.041 
0.058 t© 0.045 
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where tiae ssialler value is the stsriSard error for the larg­
est repeatability valm and the larger ?alu0 Is the stajn-
e&rt trror for ttit ssaliest ripiatatolliti- v&Xm tomii. in 
the approprlatt tables (fafeleg 5,. 6, ?, anfi 8), All 599 
reeords by 203 eawe were u»@i -la mmputl&g repeatabtlltsf. 
fhe reeords wtre dlstrltoiited as fellowss 
Af® 1 j|§e 2 
24? mwM feat 1 r#c©rt 
§ mwa lasd £ rseerds 
1 eow hsA 0 resorfig 
100 cows bad Q re§©r4 
59 mws h&S. 1 reoord 
43 C0V7S hfd g reeorfti 
16 cows had 3 mmr&M 
16 00«s heM 4 reooris 
@ ©:©ws b-sd 6 rteordi 
6 e©w« Mat S ree©rds 
1 QQw liad 7 reo-ords 
•5 0QW8 lis4 0 r#eoMs 
1 00w liad S reoords 
1 Qm hai 4 records 
1 a©w liai 5 r#soM0 
E&2 0OWS lisA 2i7 r®©©ri.s 150 mwB iiaA M2 reeords 
figiirei 1, 2, 5, attt 4 ie®®»itrate grapMo^all? the 
aferage proaiietio» ©f »llk 'and fat tor bsth tlie aoatfely 
aa4 ouiaulatiir© Vftlties. fh® fraetloa of• variaft'Oe-aue to 
ag# tffeets btsoiEes progressl^tly «i&ller as the euaula-
tive perlsdg la©reast in size tfit flaallf ii' negligible 
vhm estirt (SOS day) ree©rA If mseA. fhis 
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effeet fellens amtupail|- wlnm tii@ ©orr©o-ti©o facters mm 
app»xi®&telf #©ipr9ct for the entire re^eoi^. Mteea tiie 
i»ritiilf mmr^a are eoostiere-S, %h^ fraetlea of varlaiiee 
due tO' igf »ftm%B is high %n tiit acjutlis, itellaea 
rapitlj arottui the ©enttr soath.^, aiii Ineressts t^wafd the 
en# of tht ?fe@ tlffe^eaO'® la ptrglsteiiey b@» 
tw®ea reooMs in tlta first ist in later lattatloas ie 
.sets Ui figures 1 ®Ji4 2'» 
fhtst ¥«ltt©g lllttstrate tlie assA for age ©owteti^a 
faetors tor ?ariou« parts of tht reaori aiiS atsoastrate 
tilt Tilliitj of mrmtit sgt eefreetlos falters i-ilieii applied 
to til® mtim Cth® ii©tti©i for wliieli tkei^ w@m te* 
plf^edl.. 
lepent&feility Is MStA I© eitliaate ttoe profeatole pro-
iiioiag atollltf &i tfce mv* fiii@ Is &m»m&Ty lo make 
gtleetieaf asrt saettrate* fraetioa 
restots %h9 eoaflteaee w® hav® la liie e©i#''» ©¥» frotuetioii, 
©Oiflpared to th« iieft aVerag®, for §lw.a ,r snfi ii. ^ith 
perfeet repeatabllltf tials ffaction toe@ea@s 1*© asS we 
mms>t a sififi© as btlng perfeetly iMl©atlf© of 
the oow's paf>o<lu0liig ability. Slaet rep«®tabllitjf foi» 
mmf oliaraetsrs I® Ittt tfasn oa.t,Cl.^. i p@p®at&iJillty is 
iflooapletel, iiiijstTOtes tiie a€vaatag@ of Hiore 
(a) reeerds, espt©iallf wlieii i* it low^ If tlie @@w» s average 
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pi*0«lactlO'ii Is to luereasiagli' fi^eater eoafiatnee. 
loattilf- repeatability fslttes ape »s®ful in thowing t&e 
•relati^'e Bagaitrnfie of diffirt-ncsas toetw^ea m^vB tor wntiily 
periods of after aajiiatment tor a.g© %o put tiie 
reearas oa a ©oaparable basig'. It peiieatgMllty fieoreasei 
la ffl&gaitttte, at iarlfig the latter half ©? this laotatlon,. 
tbe raMoa 'BmlmtimmtBl ©ff®«ts ^eeoa© laortas-
iagl^ laportaot. fr@guffit.My tH© lattsf aeBtlsXy iattrtals 
art E©re au^Jeet 1© taviroiiaeiital fariatlo^s smeh at ge^ta-
tioa aM ©oadltlOEu fht tiff©rtiio^s la psrsisteRcj Ise* 
tw©«ri first sM later laotationa sbottM liav® 13®#® reraoirea 
hf the mmpoumt for ai#* Oiese matUl^ repeatability 
lllttBtrste the errors la mr'rmtiRg f©r age if th© 
©ttrrtiil age ee»eetloB faetors are applied ts th© laonttlilf 
produstlong. 
leptataMlity ef emsalative p®rtien« ©f the laeta-
lia» Bre of iaeeaiate fain® in teleotioa slii©e merer will 
all tiie reeoris to® ©caplet® ^eleotloag iwiit 'b© nade 
md the iii«offiplete r®eof€fl 0oiitgi» mmh iafopaetlon whlehi 
If propeifly ttsaA, eo»ld nafce tJae seltetioiifi. isere aeswrate. 
For exafflple, soo® reeorag would be eosplete, others half 
eoffipleted, atherfl aore, op legg^ canplet® at th® iel^ctioa 
tate. All sxaapl# from the ISg- nhefe the seleotion 
latex Is rtealouiateft seiai-aanttally, will illttstmt© this 
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fmct. fiie- iiiciex was reeoiaputea in \prcb 1964, Of tlie 80 
Igetatlag fefsales, 45 pel? eeot iiaS ooaplete-a two or aare 
imiBMomt 15 per' o.©at liad oae aaia^lete laetatioa plytg 
pgrt %'&y through eeooiii laetatleUj^^ 11 per @ent had 
eoispleted om laetation, aai 29 per mnt mm only part 
way ttooagii tktiF first laetstlon*. 
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Umlt&Wlltf 
fii@ mpmssl0m ot a ^ m laii-
vidyal m&f be i»«p-re#eot;©4 In the foXlewiBg rnmmmm f « 
I 4. S wiitFe P is tti« p^lieE©t;rpi^ 'expwislsii m& 1 ast 1 
ai*© lie]?#aitar|' &M ii©ii-&erfiita^ tffttt® whteli wli«ii Mdti 
togeiaier rtsiiit ia tb© fii©iiot,|rpie txp-Fffslos of t&e 
aeter.^ SisllsJfly tl4©8® saf b® tlienglit as deviatlens 
froa tlie .pepttlmtiea ©@©111 p m h ^ «# fk® li portt©a sa^ 
'b# ittbiitided iato f • fi • 1, tbet# faan-tltStf ar# 
Atfliieft as gtiiftl®,, aoi3ina»@®, aai ©pistatle 
resp#@ti't«l|'» Fo? eoapltttii##* llie !;#» If' 
stottM iaelttSii JtB lii« »-a3ltlf« p©Ftl6iii #a«p-rl«ing, 
p CIS wfe#ii mneX&mlmg a«vistiofi«. fyea tbt p^pnlmtim 
a©aii), wiitr-a ffi Cor reprea.tnts tli# Jo4at &t 
mmllmMW Uit^p'mtlQm^ t>f hemiitf aai tinplfe-naeat wM$b 
•aas mt b# t&iAf 'b®twmm tliea (L»A» li49). 
M&wit&Mlitf in til© fep©«i itasf li ttflati as th© 
frsatltn •j-f ta€ m «ii€» im Ibt .amrro-w 
dhS ©ease. f|i« aeaaiag a^f the tmmtlm 1® eltarti* 
- g ^ g ^ g 
if iirltt«a as S^l., t.£A„ ti the 
Op'^ 
gaiitii© ift3Pi«i©t, if tlie rnmlmmm •fmrimmg, ia 
4i 
th® tpiitalie snii Is th@ piitfietfpie tarianee. 
Ittbeds t&r egtlffiattiig toeritaMllty are eai®€ upon the 
re«effltelaa«@s mmg relatives, ©we ©f tlits# aetbode Is the 
intrs-alre mgwrnslm ©f aawfMttr ©a t&s, fli© msefttlatss 
of tMf-s®tiled if ba«@4 ttpoa s#?eral f«©tsi {!) ^omlnmm 
i.e?istlotis of iaa ifi4 dmgtettr mm nBtorrelsted ant, 
liierefor®! are isot Inisliafiti ia tfe© iat,Pa-slfe mgmmion 
Qt d&ttgliter ©a tsnj {2) #iiti.r6a«@atai eorrtlatiems art 
iesi lUt#!!" tQ b# latlttiel l» the p®g»ssioa of daughter 
on iaa. tliao hi r®gmmloa§ or $oi»relati©ai hetmmn e.on-
tsBpomyj ia&ivl&u§Xa wouM teM to 
yeeeive mort ®i©iis3? %fe&%mmt thm wald ianghter 
4aa); (3) saiipling 'eFrors are lets t^ortsnt ia eorrela-
tioa® feetwita elesely relatei than la eo?^r®lationf betwetn 
aistaatly related liidlfitaals, iislf-slte ©otfrelatlons 
ara aaltlplied four to obtala herltafelllti' ^aiit ifBj 
•saiapliBg trroFs «af • coat©ia are tk^retofe Mltlplied 
fey fo«.r i«feep®as aay sssplisg trrort reaaittiag la the 
resi*estlon of fisaghtef ©.a §.m a..rt oalj dowliled; (4) time 
treads is aaoaitaeat art aTQide€ toy ©oaptttiiig reffesiio.ii® 
mi m intra-sire Msls iliiee daiigliters @f a sire are 
geaerallf eoiitenpe^ai^lts (it asy fee 3?©e.allet ttiat tli# 
aTerag© 4uralil#B of atr'tioe by a lirt ia this stm&y was 
ei tit 
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the iBtra-alr# aeaa im the saalftls ©f v.arl..ssee 
moug 4aa0 is tiie plieflotfpie vafi.eH®ii amottg daisa aatat 
to t.b® sftffie s.li»-©» til.® iRt-fs-slpe aeam mTmrimm betwetn 
4a«gii,tti*s tai Asm.® la an eatiaat® of one-iialf the gen.!© 
variation, fht regwssiosa of daa#iter oo da« woti-li ©.qaal 
if-, ttoer® wtr® m epistasii. tlnia ©s© #oa®lSers 
mmy l©©i, as &m mmt vhen eonglAering mmmio qmaritl-
ts,tl¥§ efesrsetefs «»0li at ai.ik proQuotioii, the maBT&tor 
ot tti© F&gmBelm msy &lm eoatsia ©piitatl© irerlaiiflie 
hmmme saa« &t ttie ef>lat.at.it ®timt@ m&f to® trsiissittea 
fmm da® to Qa«#t@y. *li@a ©»Xf two a-os^sllellei gea®s 
ar@ ia*©.l¥dt in a® iplgtatie laltrattiioii.,. om^^-tourth of 
the epi.stat.i© variaoe© will 'bt iae.lti4«i is the o#Tariaaee 
bttwtfa tamgliter sat a«. fiiis fraetioa ii Ites for lotei*-
aeti©ii# iov-elvxiisj »ere gents ao that in .gtaeTal tfe# @pi-
static ¥aj»iatt«€ ia©lttde.i in tbe 4sttglit@r-4a® ©oTarianee 
is a small fmMlon ©f tli% t#tal ©pistatis fari&B®#, 
iei*itaMlit|- is ©Meinei fey -AmhliRg tbt .iatrs-sir© r®-
greseioas of .Saugiiter oa tam, faluea so otetaiijeS will 
probably toe larger than, beriteteility i» the narrow' seng.@ 
gild saaller %hm .faei»itability ta the ht&sA mtim* 
SMeo a fiftii hsA mere tliaa oa® da»glat©r, tli® €!«,* g 
peeoM wai reptetei, witto t'm .reeoM ©f ®.se!i aa:Q#it@i*. 
4? 
Kmpthorm aM f&atoii (li§3) eoriaiderei metfeois of 
weigtitiag thB ©fetaislog ffgrtsiloiis aM oob-
eladei tliat thtr® wai little to elioose betwe«ii the metho&Mt. 
iiO"fcliig mvmm tliat lu their tata aore tban ?0 pef cent ©f 
the tarns baft ©alf one dsiigliter. iiffereat sires 
whltih hsA sales aftfi s total ef IS? in this stuty 
w#ri y,0e4 in ^ the eelleg® tisrt tmflag the period fp©s 1938 
to 1951. SlEty-ieftji per etat of tiie tiani bat onlf oa© 
daughtep, dsffis hat m sterage ©f 1..44. taugtiters, sai. tliree 
sets of full-sibs wer® liieltti®# la the data. 
Iiitfa-iijp® F«gFesiloiis of Ssttgliter ©a daia wtr# 
puted bjr tM0 attliois. la Method I averag# reeoris hj the 
iaia aoi hy the tgughtef wer® utilised» the Feg,i?®s-
sioii®,.. .of wMfisii there w#r# ten# ari€ the eight, ala©, ani, 
ten ffioatb ouamlative rsgretsioos were ©alottlatei hy thii 
»ethod, the Tallies obtsiiaei wtpe then ©orreeted to^ a 
glfigle reeoM basii. la Mtthoi II oalf first reeoMs hy 
taiB aoS 4aug^t@i* la age one were utilizet. three daughter-
pairs laslttdgt ia Method I were not iiiolut@i, in Method 
II siaee ©ither th# das ®r her daughter itartei. h©r first 
lactation iB age two (three years or older). WithlE this 
studf it is possible t@ 0oaipsr© the first oeatii, sM th® 
custtlative ©ight, alat, aad tta muth regressioii Palmes 
jfor siagle reeori,® eoa^uteS hy Methods I and II., fh© 
4S 
eottrees of tariatien sat edtariatlo-a,. with the Hegrtet of 
for fee til iielli&ag of aoalfies are shown la fatol© 9, 
fftble S> Ssttrets #f ^aplatis-ri mmg &ms aai 
covarlstlon betwtts 
daughters and Urns 
l®t^4 I Method II 
d«-f • a.f.  
fotsl lis isa 
Bmtwmm sires 19 19 
Witliiii sires 13? im 
lllieri attrage rteoMi bps msed, as la leMiot 1^, th© 
daas' fsxrlmee ip to tii© extent tli® paRiioii 
r-oiiasatal farlatioas teoa to eaii.©#! @&eli otxitr aat there­
for© tli#- p#rtl-oa ©f tb© variant©,., wfetl®!! womia fee if 
oolf iiagl# r©e.or&g wti»# «s«3, Is expee-tei %q to® onXy 
d 2 iiS-. wlien tla® taffl*s plieaotype i s  m  a?eTag@ ©f a reoerdg. 
11 
la o-rt@r to eoapare iierttability falna-s fi^a station 
using tlffereot so-ttrees of Sat® a-ad irarylag nwiibers of 
x»teoMs per ©#%, f®g«s«i©e,s'eofreot#« t© a sliigle reeori 
tesiis are mom tfeais rtgressioas eonpmtei mslug 
atei'age reeorfif, •%« lattar regi'tiiiscs to© eorreottd 
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to a siBgXs-rteoM liasls fef the following efuatioa (from 
Q0chrm) pr&smtBd by Lush md Str&m |194g)..| 
i** M 
wh&m m is the wmri&blm Bmber &f reeerts §f a iaii, b* 
is ti-i© iMtm*Bire r®gr#ssioa' of d&mgbter m €&m using 
at&r&ge reeo'i^s, sofi r Is tiit r«p@.at&feillt|' of recorts 
3,51. If mil mvB exactly the sme amher ot mmr^n 
i& verj aitu&tlm), tiie se#o»i part iaeliatti in 
bracksts womld iliapp^ar ilaet 6"^^ « 0 aai fee faJiillar 
weight wouli used to @©ri?eet to' to a tingle 
reeoM toasls. 
Sii fatolt 10 me enowa tfe© regresiloai m& staMari 
trrort vhmk aifer^e peesris w«r® aiti, ©is gaae rtgrts* 
siotts eaiTtetet t© a singl® 3r«@©M isasii, ant tlie regrta-
sieas ®aa sta»dari errors for emsHalatif© Tslaes lu wiiieh 
miXy first wer® asfi* ffet gtaaSapa tFror# fo-r 
tIae regressiom eo®ffi@i@iits w#p# cal^mlatet usifig til© 
fafflili.ar s-^ ©f SatAe-eor {1946) wfeare % tQuals tfe® st»are 
yeot of til® saa ©f iquarei d«vl&tloa» trm iBtfa-sire I'e-
grtsileii @f ia»gfat©i» oa asm aitidei lif li^g Cl«^6 foi* Method 
I sod 135 for ietiioa II) and tef tli® latra-tlr# turn of 
sqttsre® for Asmb, th@ ft&adari. e3?foi»s saf fee blasei 
mad« bj the smae e©w. In this gltiHy M • 2.99 aaS » 
fslil® iO. Itgressloat of laugktei' oh fisa^ 
Aferagt F«eoi»a.g first fee©Ms oaly 
D.af f b« 
Milfc 
Z to* • to Bays 
mik 
"fe S|j 
P&t 
1-50 .gSf • .099 .xm .liE .100 .14g 1»»«50 ..240 *106 .198 *090 
ai-'io »23© ..090 .ISO ..215 .08® .im • 1-SO .2SS .096 .215 .101 
61-SO .£20 .098 .1S4 .185 .094 .126 1*90 .197 *096 *1?6 *101 
Sl-120. .223 .104 .loS .El§ .091 ..13? 1-120 .1?2 *•098 *.1§0 *098 
lai-i&o .26§ .1G6 .183 .20§ .100 .189 1-150 .m •*107 *099 
151-181 ..2S? .112 .204 .158 .111 ,.088 1*^181 ,256 ..10.3 *180 *102 
i88*,ais .2S5 .111 ..IS 3 .IS? .108 *Wl 1-ag »2?4 ..108 * 221 .103 
213*^-843 .300 .111 .188 .lEg .110 ,0'W 1-245 .304 .109 *2I5§ *103 
E44-6?4 .140 ..103 .QS4 -.020 .102 Ion l-2f4 .316 .108 .*S2?! »WB 
E7S-»-S0§ ^.OSl .093 * .  -.1E& .090 1«30S .£91 *1.06 *100 
1-243 .302 .102 .229 .242 .096 .IfS 
1^2f4 ..32? .104 .243 .248 .099 .17§ 
1-S05 .532 .103 .245 .232 ,om ,16g 
repFesents regression ealculated asiag a^ersge recQrti. 
to represents regression on a single reeort basis. 
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sllghtli'. VLpwmr& elBce three «et« of full sisttrs were 
iQCluaed la tte .analyses . alia the #a.m .#:f easb set'WouM 
appear twlee la the am Qt gfttares f®r issa* flie st®B^ 
4ard' error for em@ii to will be allgiitil^ I'trt tiie oriar 
of 0*93 te 0.98) thm tiie staMsrd trr©r ..for the eorreg-
p-oaSiag to* sl»e# tfat lotpa-^slr® ima o.f for ^^ai's.: 
sTsrag# ..ree.oi:€i.)^ wlilsii apfesrs la the. atiioalriatdr 
of the staalari «.rror &f. b*, will be .saaller .-tlieii,: A.®-swii 
of sqmar®® lar defis vhm single rtg^ris art «se€".' 
Several iottblt-fn.try tables wer® oeastmeted, - u.glKig 
&'ff3mg& reetris aad iiiing first resorfi# far 'oo.Bp&rmble 
p«rl£3ds of -tlae {-first south .eight aoaths), la 
an atit.0Bipt t© find wfty -tli#' rtgreaslofii, aelag 
sterage .reo^rii aot- ©0X'r..X'te(a. to s wlngle ree©f€^ basis 
ifere l©w.er tiisB were tlae regressions ©.ciipitM from first 
laetatioa r®e©.rai. So vextreHie lafii.irlieal values w#re 
fomai Miiic.Ii tx ut iis.¥e. iBfluencsd the slopes ®f the regres-
sioa, •'li.aes ttufiuly. .fiie dlff@reiie.es hmtw@m tlie rsgresslon 
of siagle- reeordt ealeulatM bf tiie two i:lff«.r®.nl ffi.eth.ois 
is large ©aoEglJ to ii®ei @.oa.e explanation. Ihe sg© oorree-
tions 4© a©t ©Qrre.©:! the ^tarlstas p.drtl.Qii@ of the lasta« 
tien afitqumlelf'.. Ittaefar as errors l» e0rr©e.ti0a -©.re 
coprtlatei' 'between iaugiatcr • sat 'fia.®.* the • esvs.rl&iic® and 
coBttQttentxy th#- re^^.remlm t..aiue will, b.t Massi., upward 
m 
If .sorrelstet aiii tewnwaM It atfatlvely mr* 
pelatei. fiiti aay Be §,mms%w§.tM m Let tii« 
obterttd ipslttt C%) ¥#. ©o»p©s«ft' @f tlie true vrin# (%) 
glas all err©!* (®i). T&m 
bv,,, . . g<»i * * EJ) . COT xiatj yOav eiej 
•* far Xi Eixi 4- ©i)^ far xi *• f&r §i 
vbm Sixi@i) « « 0. If %|«j / 0'* iittBerat0i* ©f 
tfa® yegressl^a ee-tffieleiit will fee telsstA while tht iettsffil-
iistor will fee tMiefesngei.- ^ ssall poiitive eerrelgtlQB bt-
trnma the •^.rmTg -wmM Increatt tbs regre-tsioB iral^e.- *ht,a 
sverag# am iieea fa# mmpamd wltli''fl,F»t pm&rAeIg 
the erm-m ©f eigt e©rreetl@B are' aftifagtft mfti tteFefoy® 
eontrlbut# l#si t© tli# aumera-t©'!* ©f- tHe mgmmlm <s©«ffl» 
olents tbm la the #«s« wiatrt mly first r#©e3^® are •used. 
latta-^'Slre v&x'lmms md e&WBrimm$ tor pgrts of 
first laetsti©!! ailk ®M fat prouu tim mm liettd ia the 
foiloirflag itctlott ia fables XI -wia 12, Dsmglit#r-daii 
•eorrelatlofii for peFiQas- mmpmmhle p«ir©g-si@ii of 
dawgtiter oa §,m f&w firft wmmM m&y tosgmtei from 
valm©® in tMest tatolea, flit ©©rrtlatiea® are X&wm than 
tto.@ 0©rreapoiiaiag r«gi»esalons fexeept tti.® TOwelstion of 
first ffloatti fat wiileh is tlit sme as tb# ©orrtspo^adlug 
rigrtssioo ?glm@K 
m 
dtneti© 0©ri»elati©ttt 
fMs 0®©tii©ii t#&is with tlie ®stl»atioii ©f tlie genttlc 
esrrtlatlon^ vawiom enamlstiir® per-lta® 
aai the etjaalatiirt eight, alat, aai tm •otatii prod'uetlon 
for tlie first Is^t&tloii, tiosslterlRg feotii .mills ani fat 
produotioa. 0te®#rr®t rslfttlonf letwetft two tralti la the 
ssse liitlvliu&l may result tmm two iilfifis #f oaiase-si i3is®®l|' 
tiiat tile iaii® er assdelatefi $©a#fl aff#et mth trslt® 
rtlatet geais #ff«©ts) aat/e^F that ©aaa&a tSTlroaosatsl 
faator® affe©t tootij trait®, ffe© g«iiie ¥alm0s art- th® air»-» 
fag© «ff«cts 0f tij# genei, f#? mmmimmg th.® effeets 
of'taaloase® -sitiA 'epigtaiif &re eoablneS with, the ©otItoh* 
meats.! ettmtn sii€ ealltd tiivlraowental falttes. Sen©tie 
eorrtlatloa will Seaote tli,e mrmlktlon *betw#@ii geiilo falwes 
for tiie rest @f the tfetslt. fh© geftstte e©p»l®tloii® mtas-
ure the ©xt#at t© 'itMefe tij# sa®© gmm rnttmt 
la the saa® IMltltoai iiirlng ftrlois' p ipB.rt) aa€ w Cwbole). 
tto© ©ffeets art not really itteral effteti of tfe® very 
sail© gme temt are effeota of 41ff@3p#iit geaes wiileb are to­
gether more often than not, wh^tliei* toecsus© Qf liakag® ©r 
plitmotfplo assortlve mating ©p ioa# other reasonj tMs has 
th® sase for the tlm® te«lag. Vt'het eaa to.® Aom «ltl-
ffist#ly with th® popalatloh varies In the two mms ilac®, if 
llakage ©r noa-raMom sating is the o&use of the aiseeiaiioii 
between the gehts, this eaii b« disrupted or changtfi iii©r® 
easily thari u&v mmt&tioa# ©aa. b© found or proauoed, whleh 
would ie®ii to. to® th# ©all' way of overcoming th« fff®et« of 
pltlotrepy. 
54 
fht efiTtreiiS@i3.tai cserpcXat.loiii seaiJii*® tiia extent eom-
iooio esviroaaeat hoth trails.. 
fhe varieaa g@B#$ie and «nvir#ttffl©iital relations 
Ef'featlag tv© traiti mlthi.n aa liiilfiiual say fee reprt* 
ieiitei aisgrwmmtleall^ sa fsllewi Casswaiag m eorrela-
tioii hstmm gtoi© asd euviTOaaeiatel rallies in the amm 
inaiirltttsl) }• 
%w 
fhe ©teg®rir®t pheaotfpi© ©©rrtlatloa reiulti tmm ©ow®* 
latei geiii® liift eerrelated mirirmmmt&l etfrntu hetw&m 
%h& %m traits «i fellowts 
• ®p % 
wiaere I'QpCI^ aad r^,i^ art genet!# aad tsvipofiiieiital mr* 
relatl.©ri«,| ant &p and 0^ mr# gtnis f®.lwes far part and 
wliole rseopta, a»a til# pstbt art » gi aaS 
Op^ OpT 
Cfrlglit, 1934). ^ • 
Hasel ili4S} to® preseattfi a aetlioi., baset -ap©© re­
semblances 'b«twe«» relativ#g| f©i» bjp®sglng tfe,© 
aafli'ottffieatal ©•ontritetleai wisii© sstiia&tlag tlie g.eaetle 
eoiitrlbutleiis tii¥ii»oiaa«iitai vmi^latioss sM 
gmlQ valttes ar® aacorrslatsil • the genetic e©wel®tloa 
may be tgtliEatei ss the ratio of tw© g&oii«tFle fiieans of 
eo^arl.arAC©'i, at followii 
wliart Pd aiid fg represaBt pbeiiotype for Saa aiii dangbter 
r®sp«o.tlvelf sTii |s and v mprngmt part aad wli©!® rsoords. 
rials ©qiiailty mm fey tqiiatiag ths ¥arlsui piaene-
typlo correlations VQ j,' POp' ro«' 
to %h§ preiaet ©I' th® ©oiitrifeatiai p^toig and ©oprelatioa® 
where Pp &»a Pq are plitiiotfpic expressions of the cMaraettl* 
itt tilt dea sad d&agiiter J?egpe©t4irelf. 
flie expss'tatldui ©f tht o©¥ariao©ts In eqiaation (1) 
are aa follewsi 
aoi self log for Cia tli@ tlagrte b«l©w)i 
m 
l(Cs? Pu^ Pop) at 1 / 2  C S 'spQv 
o 
Mi-Qm FOp Fop) « 1/.8 6%^ 
•Bierefore ©qaatloii i l )  m&y bt wwittm In terae ef tke 
expteteft fmiuei @f Its mmpmmt parts besoatg 
Strt&lo sismaptloos. •are te-a®i© to %lm ahm^ t©Fl?sti©»s» 
Seleetloii of tii® iadepeMeat ioes not bias tii© 
regresiioa co®ffiei©att slthsttgh it 4©#® tb§ #©rrels,tio-a. 
Mhtre  the  daos  l ia?© f e t ta  • iq i ia t lao  i l )  eot tM he 
wpitteo la terns of the i»eipf©tlir« regrffslea eo#ffi©i#ats.. 
Seleetloa ©f %hm taas wag aaauatd te ha'te fe©eR foi* tb« 
ppoduetloa ©J^araeters • eorislller&t whiie aotttallj s®l®e-
tloa haM h@BB oa tile tossit .aa Indtx ia wlileh botli type 
and produetiea «tre eoiislfierei. Ias©f&r as of 
the claas has Mai«t th® eovarlaoees fsanS la equation Cl)i 
tiiese toiits©.® are assasei to be eqaal aiii la tlit ssa© dire©-
tiea. fiilX# gtiietie ©OTrelatloag ar© fiefintfi m tlit e©p» 
r«latl©B betii##ii tlie geaie ©mttstt of tlit trait®, in the 
&m& aiii.iaaX, ttt.@ falmee ©btalaei by iomnXm oay 
aetttallf ©onteir* s©ffiethlfig tWQB eerrel&tioQ© hetwm 
m 
epistatlo ii©2|, fiie aSiWi^tleii tli&t 
til© epietatle @©iT«lstl«s te®twe»o daa anS 4aii,gh1er &m 
,se». may mt fe® B&timlj it «§«»§ mliktly 
t© lntjs34ttae ao-i' lafg© error. 
Sampllag' ©rrO'Pa for* geaetie ©errtlatlons ©omputed In 
tlie atooTf Bsmiier lisfe tee©Q te^©l®p®t by Ereanbrsok (1952). 
Slac® ta@ aii«&ei»g mtaAlafele ia flis preteat itiiSf were 
llaltai, tti® ssBpliag errera here will fee large It 
dots not s#®®' WQTth iMlle to ealemlate thta foi- geot-
ti® e'©rptiftti0a«. 
In til® smtlm on fable 9 illus%rm%eB 
the gotireei of mitsAn-tlm vhemhy iatra-ilpe valaet of 
e9?ari*ae®s sr® ©tetained. latps-sirt 
Tafla.o©t8 »Jd ©O'VAFiaiiees f©s» parts ©f th® 
first laetatlQja allk asd f&t productloB are Hi%.ea In, 
fables 11 m& IE* fhese sovariaaoes mm fessei op©ii the 
first laotatioa mmr&s ©f 1§4 tma^iter-iaia p&lra, Sato-
gtlttttlos of tile ©©tariaosts Ift etaatio-jti il) p&mlte 08l-
eulatiofi. qS tii0 geattl-o o®ri*tlatl©fig h&tmm ®iiaaiati?« 
parii sBi tbe «li©le mmri,, wlier^ tiae i^bolt yeeora is 
first 24S, £*^4, and 306 lay pfQtoetlon * the g@a®tl© oor-
relatloBS art listifd ia fstole IS.. 
Mhlle lialta #f gsnetie #0Fi»elatJ,oiis ai*© plus ©r 
alaui malty, ss^aplliig tr»ri may csiise ttiem to @x@@®d 
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fsfele 13. ©0W«lmti©iss of tinttttlatlTt 
p-art Slid wbQl® rteoris 
Milk 
Imji 243 gf4 SOS 841 ^ g71 ?0§ 
m .91 .9g .m .ii 1.02 1.1? 
m 1.01 1.01 1.0§ .§9 1.Q2 l.li 
90 l.Oi l.Oi 1.12 l.OS i.oa 1.20 
lio 1.02 1.04 I.IE 1.01 1.04. l.EO 
150 1.02 l.OS i.ii l.OS 1.06 1.20 
181 1.01 1.03 l.Oi 4.02 1,04 1.15 
212. 1.00 1.01 l.Og 1.00^ • • 1,02 1.08 
24 S 1.00 i,m 1.01 X»Q0 
8?4 1.01 1.01 
m 
tliet© liialts. farious weri.ers hme txpialaed iralue® at 
extreme as *4 to •in tiiis asaiiei'. fh® i?eg»ilar treMi 
a®effl to maJie sueti aa expiaaatioa lamiffleieiit to explain 
tile cerrelstloas llstei In fafela 15. f.!i© trtsds will to® 
fiiseusitfi furthfr. 
Mhm «orr©lat|Bg a part^ smf first 60 Ssfs,, with tbe 
*110111 aay, E43 Cor 2?4 ©r S0§| fiays, ©»e wdiali expmt th« 
correlation of m# part with tfee mhoM t© teertase ®s tlie 
whol® Imre&B&B la sim and aftrltoutt this te *atttomatlelty*.* 
Bowevtr, the setliei of caleulatlag gtaetle o©rr©ls,.tioRi 
wsg to oorrtlalt ebmrfeA trait Ci) ia tlie ian with tli© 
saoe trslt 11) mO. & aiffepeut trait Cj) l» tlie tamgliter, 
mii '•vim ZM£M'' 'Sh&reiQr& th@ eovarianees of part r®©orS 
of tli© iawgtoter with wlisS.© mmri. of tlit ani tli© reil*' 
prooal aovarlaaeee w@i*e wtillaet. IMll© the eafi p©lnt 
was CBlml&tXm ©f tlit ^errelatloa feetw^es gealii effeet® 
of ttie two traits la the gaBf lnil?l4mal, tht aetljoi of 
ealouiatloa «afi net saofe. as t© ftqiilre so«e part of th© 
gtiietlG co'preistloa to "be aatoaatle. 
file data v@m smh to require a prodtietion reeord 
by bo til daia sad daughter, tb® policy i.ii the Hiainagement 
©f tlie eollog© to@r4 iiss toeea t© allow sll heifer eali^es 
to eome lato predaetlott. flat pwbsMlltf of a li@if®r* s 
first ealf bemg a f«,sl© Is oae-lialf. Ill® pmmr heifers 
•fg 
are diiFiag ©r after tlit flFat Imistatloa and tlisr®* 
fore hafe ao adaitioiial Qhmm to protee® a feelfer cslf. 
flit bftttr tisifers are'&ll©«#d t& mmaia im^tbe her& anS 
tli« >robaMllty of the aast outstmMng feiftalss profittclug 
a heifer eMf tui^las tlaair gtai" la tlie h&r& laere&sts aad 
appreaalieg liBiti'. Ia aasfe a pfotsiwre w©aia almost 
iasum ImXuBiQXi &t tii® "better dms ia the stMf. ' Pr#-
swaBly sno'b. ssleetloii wtitaM 'bias pJaanotfple 0oi?r@iati©Bi 
oalSttlated using 'ttieie mt&rimma. Vhsther the. ©o^ari- . 
•aoaes used ia gtaetla eorrelatioas woaM be feiasei ©<|«ally 
sxA ia the saa® diptatlon sftas ioufetfml. 
file ImqmBlity of rmipmQMl ©©•?arlafte©s asf taeii 
ia faUlte 11 aafi 12,- The eofarlaaeeg tom^ In tJie !ai»@p&-
tor qS eqaatioa Cll gentti© ©urftlatioBS, 0ov ©lOj 
and So'f tjOi, bate tlie i®ii@ expt«tmtloii|, laslf-
tiie oo?sriafi## feetife©ii tli© genie ©ffeels for traits i 
alTd ,or sysfiolisallyg 1/2 eo''¥ %-§j« Selettlea of daiag 
k&i redtt©.«i tli© TaPiatioa foi* the '^arleas periods consider­
ed wMle 4fijigb,t®Pi were almost entirely oassleetad. S®1-
eetloG ot daffig wduld retnee the eovsriuiee '©®tweea trait 
i ia tilt dua aad trait J ia tbt taughter. ©b® woulS 
expect tiais retwetlem ia ®©f&pl&ti©s to be aott appartat 
naaericalif w.h®a trait i ia tfeit dsa is wli®lf re^ori aai 
trait J iii tM® dawgatsr ig part rte^ri (a# ©pposed to 
63 
part reeort f^r  4am aM whole r«ooM for  daughttr). low-
m&r.t th@ oppstite Is generally true iti ttie earlj aoattis 
the mfBJtXmm is belwetu tha wholt ree®i»i In the 
daB aiifi 'th.,# part recdrS la tti® tsiigliter. Ttie reeiprosal 
eovarlafteta in m&st oases i'emaiB uae^aal an til the •part 
reeora appwaeims smm months ia leagtli. fh.@ awerloal 
inequality ©f tilt Qm&lmmM h&s little iatln-
'mm m %h@ aagiilt«de ©f tbe gtaetlo- e©r.p®latioii8, a® aay 
be ®e#ri by wsiiig slagly one or ttie other ©f the ©©Parlances 
Iti til® littserajer ®f il) m oppQae-&. to M®lng the 
geoiietrio ise.,aii ©f the two ,re©lproaal eofei'l»i«5©i to cal-
eulat© geaetie 0orr®latioa. 
'aeaetie ©orrelatioas ©f tlie iisg8itia,i« in tills 
slacly iffipij ttiat tl® gea.es sffecting in the 
esyly psrts of tlie l&otation &i«0 affeot other paFts of 
tJri© laetaties al&Qttt the sam©. difec that the geaetie 
eerrelatieris preseatefi in fa.bl© 13 are e©r:i»tot, m® oomM, 
hy squaring tli« gm&tiQ eo.prelatioii, sey abowt S3 
per cent of the genie ¥si*ie.ii0t In 245 iay Biilk. preSmetion 
(about 9£ p§r cmt lu 505 fiay p»€tteti©o) was ase-ociateft 
•with produotioa for th.® first ."50 Says. 
Earlier seleotloa ms.f fee pr&otieet wlita feasM on part 
rRthei* than oa eooiplet© reeoi^s.. fbls ©O'liM result in a 
deeressei geaeration ijatervsl.' flie i©@reaf# in the 
m 
ger*@ratioa leterral m&y be ittffleleat to more than oompea-
sste for the lowered aecuraef of part-fecord sele0tl©8. 
If so, the'agt restilt aouia 'ti© m«Fe nftielmt ttlectloa 
for 305 flay pi»o4ueti®a fey ttiing the part-reeoi^s thsM by 
•ft'altx ^ until tiie ia^ reeoM is ©oapletea. la aaay 
toreeilug herds the mm of flfst-ealf litlfera em m,rsly 
SBfefi, slme little Is kmom abottt th® pTOauolog ability 
of the iaelftr &A it ig eestly t© sate tli® mn& mtll their 
dafii has <30ffipl©tet m mttr® mmt€. Slae© thart Is a 
geaeti® h&tv&m the taflous ©wsmlstlve raeoMs 
and 50S Say proMstim, pefliape the remM gifts aa 
accurate eneagii eTaluatioa ®f tbe wtisle reeori. of tfee 
%Q warrant  f f ia la t s l l i l f l g  a l l  t ea l l  ea l t ee  for  a  few w-eeks  m& 
tHeQ calling eaeeeesivtly those whose 'iaMg are iMlested 
by tJaeli* abort peeoMs to be pool* ©r S8dlo©r@, rather 
tarn ealllag a of &f© all soiif ©f lielfers. 
ii 
Bis€yssio» 
sfplieabilitf @f the flMlsgt #f tills stttiy t© 
111# tertet, or I© sp®©i«s ia gtnej*®!.,, iep'SESg ©a til® 
sliiilaritir &t tM® •fe.ert t© tli® 1ii*ftt ©r sp#©4#®, as ¥tll 
as ©a mf iaapliag 4av-'0i¥®i tbig s»^le 
gtiiilwi iia|- i»t Mave teeea 'lik® tti© beM fro® 
c-aa®. . Hie .iieri profeafeiy i.lfftri other iierdt of tb© 
bi»e®a 111 %m retpeets, t&# degrt-e @t inhrmM&g aai tb© 
ij.aif©rial% ©f ©arl»Baeatal eewilti^a®. il) la 1942 the 
iRfereetiiig ia the toerd, relallv® to the hm&i. la 1910, 
rmg&i imm © t® 28 p«r «#ol, sltli. aost ®f tfee aiilsals 
f&lllag la tliii i.#w®r of tfee f«ag® Citlsoa. sad Lu«h, 
1§§0}, the l&2»#®aiiig system ia the e&lleg§ lieM 
«a8-tke» expwtei to iaefeagt the inbtmAlug 
mUout thme per f@.at per gem&mtioti, the gftrsge 
lug la th® at seiffit likelf t© 'fe® aronna X4 
to 16 per oeflt* hmhf lolfesft, aM WllXkm iWM) oalew* 
Isted tii t til© ipto»@iiiig mefflQimt im th® lelstslii 
fejpeti bai to sfeoiit tmr p@t etat Im ten genera-
tlona fFosi 1881 to 19S1* flierefor® tii« feiea?A Is @ora@wh».t 
more lobrtt t^iiaB th® ferett la genisfsl, mltlaoa^ aatiag hm 
:ii@en tl»st rmioa wltMa the- It smm& tonfetfal 
ttist tb€ le?'el Qt iiitor««ilng ia tbe Sollegt heM m-ouM-
@s 
nullify 'tfee spplleaMlitf sf tiie .result® to ©tber herds 
Mitlilfi the sme fer©e4. (2) MmtmnmmtBl mn&itl&m ai»t 
thettgiit to Mat® totea rf&eonafelf staafieM fdr tlif perlot 
duriag wlileh ttoest fiats were eelleetei.* In general, aay 
loag-fise ttivii*cjfiii©fttal twm&» wliisft ili ©•eeajp mm side-
stepp©a. by safclftg the aaelyses m an ia.t.ra*gir© feaiis^ 
Mates sTici tsugtittrs of a sIm* ©ipeeialli the latter, woald 
liafe feeea nearly cootemperaif. ftierefo-re., wlttiin the group 
of deugb-ters ©f a sire, eRTlj^asieBtal eerrtlatlans between 
daffi arid, daiigiiter are less Itfeely thm had the pairs feeett 
semtttrti ©ter sa»f f#art. 
lepistaMlitf 
fables § aii€ 6 eontais lafemstlos oei tl© effeet of 
ea^iromeiitftl ©oBditi©iis dtiring the ^arloms parts of th® 
Imetatioii. fhe frset.tea of tlj® tstal Tariaii©® a^eouBteS 
f©r to|- the age (A) eeapoaeat still f@iatliilo,g ia tlie records 
after sneii €s#preatl©B f©.r ag© a« tiifst noBtlilf reeoris 
i»tO'@iv@d f0lli»¥i tH# p#.tte« llf lllmgtratei la 
I'lgareg 1 ani £.. fli# age ©orrtetieas for whole lactatlQiig, 
wiieii appllei to tiie a©«tlil|' walttes, uMepeorreet the records 
10-the earli' aontlis of first lectatl©»@ (ai® 1) and over-
mrm&t for the lat® of flrit Imtmims,. teelog ade-^. 
Quat© Qiily teriog tfef ©©liter portio'ii of the l.&etatt©ii (a0,»tlis 
m 
tQur to sttta).. fh® envireBouatal portion of tke total 
t&rl.soof bttdffiei P0I lively lsrg©p Rafter th® s«eo»a aontli) 
as tfee IsetstioB aSifsa-deg. the a^galatt .©agaltttie ©f til® 
ea^iroaffleotal e©mpotteat is lentil iiipisg th# ©»t®r aomths 
(five to 
file -ettTOlatlve allfe snfi fat toafOBtols are shorn In 
fmtoles f aufi 8. fUt age eoweetloss feeea* g»gp®esi9ely 
atefttatf as tlit euattlative p@i»lQii iii©i»®ase. tills 
Is to toe expt^ttt giae'® ag©. mfrmtloti fsetops for total 
rteepiis were aseS anS tlies© laaA fetea 4a¥i®ei fof teii-a©Btli 
tstsls. file eii-?li»9om0«tgl ©ffsett resela & reajoaafelf 
eoastaat fraetlea of tfae tstaX as tb.t ettaalatiir# periods 
ia^resif in l@agtte,. '^epfiiaiiejttt i.lff©reii§es ^«twte» cows 
(repeatabllitf) laercai® m the p©i*lQd Igagtheng 
up to the first foyr so-atb.s, thm aalutsHi tliat le?el mp 
to tki first smm month& ead gm&mlly €mlim to the 
lowest polot at tea aoathg, mff&M (1959) mrrelate^ 
mtu&l prmmtioa fey tk& same &ow in sges f©r 
Xmte&Mimg 1< t s of reeopds. lis ©owtiatl©as uem 
soffiewiiat errstle bmt the geae-jpal treiii was for the 001** 
relation to iiiei?©ase a® the leagtfa of r®oo3:»S iinereeeed. 
Mil leiigtha of 0«Sttlatif@ profittetlen gi^e Mgher 
value f@r repeatability thm te elglat» aiae, ©r tea 
aioath protttetto^a. Lasb (1®4?| state® that laeosplet# 
m 
rmorM iiiiloat# protaelng ability fewt do m% warrant »m 
muQh Qouil&mm as eompleteft ,r#©spif, H® arbltfarlly 
aisifseA about lialf ai ©lish to lao.oii|sl©t® m 
to eosplete rttoMi. Tke em^rci t praetie# for ee«p«tiEg 
pj?0tea^le proaa©l»g ability for ®@wi in tlm IM litM Is to 
assua© tliat the repeataMXltles @f part ?©eof€s are tlie 
foil©wing fmttleas of tli© rep-satabilltf ©f etght^sontli 
total prodiieti©ai O.? for oa@ aentii pwtaetieii,, 0.0 for 
two mmth pm&mtX&n-f eM faliiea luereiRslag hy 0.1 per 
iaesatii up to 0.»9 for alx si:i4 sm®m m&mth ptQ^mtXQB* The 
rep©ataMllli®g f<urd la tht preeettt sttiif ffiakg It Mmm 
tliat iaeoaplete rtsdMg Qt tw©^ ©r mom «©iitlig-* awi»atl©a 
w©aM iatieat# p^balile pTOAaeiag gbility at well ai dots 
tii© @0pplete Tmow€» 
fb© ipspeatsbllltlea, ofetalEsd liar© are aosewliat higJier 
thaa tils®© rtperleA tof ©t&ei' workers wtiere a ftgttr© of 0.4 
Is eoaaeali' eeasiitreft th® asttal t&l»e r@-peataMllt|' 
of fat sad r .slightly Mgiier ^tmlm f0p rtpe&taMllty of 
alll: pm&nQtlQM rnhm totals art for six or 
»or@ aoatlis, ftpaa Cl§4S) oMaiis«4 valiiti 8liiila.r to 
thos.« ototaiusfl her® when, u&Xng the san© herd s,M seme of 
tto,® saffi# .records, he ©btaiaet repetttftMlitles ©f 0.52 for 
allfe alii 0.4-5 f©i» fat prsittotiom fop tli® fl?st 24S Says of 
preteotioii. 
is 
w«pe usei t@ etlenlAt© fetritsMlittes. 
A'Ttrage reco of emh mw w#i*t aitS t© ealculate heri* 
t&teililles t&r iiagl.© soatiis aiii alae, end ten 
softtli eusmlatlfe vaXut®. FlPil reeti^t were asti t© eal-» 
©ttlate mil tan ©f tli@ enimiati?® within fh© first 
iaetatlea. 
fill @iiigl©^iB©at]li pegwitiofif, w&ea ©orrteteS to a 
single r@ooi?fi teatlg {to tow the i*eta@lag effeet 
Ibati af@ragi»g lias ©a 4ss •fariatlem) are all qmit® iisllari 
rmagiag f»a 0.16 t© 0.20 for milk sM Q*Qf to 0.16 for 
fatjf wc«|)t for the mt&th aafi teuth mmth§ vh6m 0.08 
aafl. -0>04 for aillc tM 0.01 uid -0.,0f f#r I'at ¥@i»e ofe» • 
talaet. iiao@ all •©offlfletsi jpeeerit whiQti w&m at least 
243 €af« la inratioB wer© aeti, soa© reeoMs wouia show 
lit tit or m la tlie aiath aoa %m%h moatlis. 
fbeBe last two mutha ape probablf mm ettieeptiMe to 
eRTifofiseoiai factori,. emh m the tffteft ©f gettttloa, 
than are fh# 0&rli«:p aoattig. 
Iheri pojptistta of ftyst r®o©Ms oalf w©*«e 
ttged, til# regftialotta raiigt fKi® 0,17 to O.Si for ewBal®.-
tlv# ffillk pFoAmetloa sni 0,1& to 0.g4 fow emulative f®t 
pTQ§.m%lQU, 1 mmt .mtd ten iBoatfe ej»alatlir@ values. 
eoapatet ff^oa airejpaftg, ar® atoomt the tsaie ag the faluts 
tor tb© e@rfe»p0iitiiig ptslots ©osputei tmm first retards 
Mhm tfaeis r#gfe®s|.#iis eali-ulst.et fpea ®f©i»ftg« 
w&mrM sr« t@ a ®lBgi@ reeoi^ fesils, thtg® 
f@gj?®«gl@Bs .are tha» .#©iip®mtol« r®gi?essloB» eoapatea, 
fy©!i first r#ecif#g sa®a®. 
ttrt# |3>F®fi©»i ^©.rktrs, mslag tsls tmm tli« same heri, 
^g?e repertti «arilei» #o®« tala®.i «@rptspoB4liig to tlie.se 
fottRd hm&t m follows Cw.liere # r«pr@8ta$« b«rltaM,lltf)i 
M&lBm {li43| SI 306 imr *.!• 
sir«i»ege Mlterfst- prsttietiea • 0.46 
Httgii Ci94§) 2z nm &m m*s. m ^ 
pmAmtlm, first rse^rtg OBI^ li® • o.40 
fmumt stuif 2X 30§ Say I.E. 
«f.erage 'femtterfst preitteflem * 0.4© 
§m& #bai»a0t8.p e0i»r«etet to a 
ilngl# batl® h® • Q.S2 
iX 3Q§ daf M.S. featt«r.fst pmMe*' 
%km 1.11 first ia§tatl©iii mly « 0.3? 
fettofebtprf (1953.) il 243 day 
tl0a (.racurd stai*$ed neerest thlM 
MrtMsy): Milk p.roductloa h® » o.2i 
Fat production q.,s§ 
fmmmt at-uiy fl g4B iaf l.S. 
reeerts eoii¥e3?tei to sicgie 
tea®I®I Milk production li» « 0.4§ 
Fat pr©ft.ii©t.i©ii '1x2 a, 0.S5 
2X k^45 M.E. first r#s0rf® 
onlys Milk prodaotloa fe® « 0.S1 
fftt production h® • 0.4? 
n 
file falmes obtalBet in tii® Dressat agree elosely 
with t.ho®® ©f I@ls©B aM Hmgli* %hen eonpariag v&lms tmm 
the pres'tnt gtu-Aj wilb those of fouehberri-, tw© tliiags 
sliould be aotedi CD TottofebeTrif*s ^alaes «oulS Ise, essen­
tiallytkose mmpu%e€ from teeoM ImGt&tlm mmrds and 
Blm& BOMB stleetioo wo'tili hat# teeea pra^tleti ou 
r©c©rcli aiifi slBee aawgbt©r«4aa regmmlQm values &m un* 
Maaei by seleotlott wh^mm eeapa^rsMe eorrslatlons are 
Msgei, regrssiloas woiiM bave been expeetefi to provid©' 
M^ef 'Tallies than the correlatloasi (2) In gtsmml, other 
reports lailcatet Mgfeer faliies. for lisrltaMlltf of 
fflllk than for fat ppfiidwetloc, the referg# Qf ttiat touM 
hy fomhberry. 
falaei fer iierltafelllty ©f varlewS' parts of tlae 
iacstatloii for milk and for fat prodiiCtioa iiidleate that 
sais selection Cseltetlen 'based o» tbe laiifldmal* s om 
plieiiotfpe) wottia be expected to give remionatoly rapM 
genetic progrtes. fbe rate of progreis woalfl Eaturalli^ 
depend upon tiie lateaslty of mlmtiga posslMt Ifi the 
dairy iierd. the mount Qf welmMrf ©ullifig of feaales 
possible in a dairy foefd is small aM liitett«56 seleotioa 
cao be praetisei ©nlj on the asles. Sliio® ailic aad fat 
prodttctioii are sejt-lialtea eliaraeter®, ttit males miast bg 
ohosffi m tiie b&ils of their rtlatives, prinelpally 
. 
their ds» aiiS ,sites. 
§ea@tl§ eorrela,tl©ai 
B-ie genttle eoi»relatl0iia listei Ir f»Me IS Indltsat® 
a verf hlgt assoeigtioa toetwetn th© part aai whole rtceras. 
Sueli. correlations are ¥alia for p,r0fiiotliig tli® ©oaiplete 
reeora froa its ©uaulatlire parts. 
As aoteA earlier, siJQipliiig varlatloii'S see® i.aaSe«piate 
to explain fli© gm&tlc eoprelatloos greater than 0m sinet 
itfimt© trefids are apparent. OG»¥ariaaee« llst®d la fatoles 
11 arid 12 iadloatt th^t reelproe^aJ. oot^erlsneea btg mitqual 
watil tbe part rtaoM approaches fife ©r six fflontfes and 
trie wliole la ten lajatlie, fhe ®xptetati#a of tli-a reelpw 
aal eovETiafieeB is tke faiae, oaaely 1/2 Oov %Sj» 
moB% logical explanmtioR is seleetion has teiased one 
kiM of, cofariaae# more thm tlie reelppoeal kiM. Insofar 
as ttiis bias is not ©qaal for the mw&ri&meB whicb appear 
ia th% QUBdrator &iifi fieiiomliii.tor of geaetie correlations, 
the g©Bt.tle •oorrelatioos will tot Sinee the 
tio oorrelations seea tO'O large. It appears that the bias 
1$ ill til© flij?@ction of ©f ersgtlfflating the auaerstore bwf 
it ftai not 'mm possible to traoe tli® ioure© sM aagnitud® 
Qt tills blag furtlier. 
73 
. aeoetle m-rrelMom indioat® whether th® @«.t gmes 
operate during differtat parts ©f tiae laetatioa. la th$ 
event that tlie aetion of Mmh g&ms persists throughout 
the laetation, the geaet a®y fe® aoasiitr-ei as ha^liig a 
pltiotroplcj aetlaaj !;.»£*» the gents .wtilefe affeefoae part 
of the lactation also affeot'tht ©ther parts of tht la.<3ta* 
tloR in mmh the taae way. 
Wfaeii two tredts s.re eorrtlated gtuetloaliy, gtleatloB 
for one trait will © cruiiijes is the other trftitj the 
airedtlon aM magaitada of sucli eliaagts being, Stpeaient 
upoB the si-zt siiGl sign of tiie geiietie eorrtlatloo, the 
lieritability of th® eiiaraoter being seleetei., ani tiie 
iateiielty ©f seltetioii. LEraer C19SQ) lists several 
,ai@tlioas Qt e©tlmatin_, gaaeli® progrsssi 
A % * sA « -^w s/v « 1% 3-
wliffe lieritsbiiitf of wi^iu yeoopt is tli© s®le©tie,ii 
inteasiti' (il Is 6^^ z/r^ w is tm peroeatag© ©f th® 
p©puistl«ja ssleetfi te b® ps.rtats ia tfe# nest generation, 
z is th® liei,ght ©f lAe #,paiiiat@ el th®'p#iat of trim©.®-
tioii of tM 6\xrv&, aM ©ci'^tlatiO'S to'@tw©@B 
tiie s^mtype for the vtoole r®e©Ft 1%) and tiie oriterl©© 
of g@leet,tQii CX,),. fiiii fatter eorr^latlon is e^al to 
bn undtr iiidivitttal or pfe«iii>typle stleetioa btit whm the 
©ritei'lsii ©f seltetion ig eth#p tis«i ioiitidtial perferasace 
f4 
Co-rlterioii if paft la this example I, tile eor»r®la-
ti©» mtvmsi «mid eriterlon •»»€ tli« gemtfpe for the 
trait •uaitr t©l#etl@fi |%| amst fe-e ©ospwtea* la otiier 
worts, Ix ^ vhem ®Wp rt^restalg 
geaetie p.r©g3?eis i» wii©!® p@eoM vUm s«l®etl©8 it on 
the toasts @f part ruf'OM. 
l.tmtr sai Crudea C1948)' liited e©»fsi*atiife amettRts 
0f geii©ti0' gala p«y f@ii@ratlQ» Is mmA egg p»toetloii 
froai mm$ mle^tlQU Ijased oft tti« rtteM t& ths ead the 
desigaatefi asatli as «,lip r%@^ fo? taeto stsntaM 
a®iFiatioo in til# iels©tloii tiffereatlsl | tli© ieltetioa 
difftreatial la, staiaaaM Si^latlea nslti is g/f). 
Similar valuef sr© listei is fable 14 foi* ollfe: aiiS fat 
f©r tM® $ii«,iiiat4ift part® aM ¥h©i@j» wfeert tb© wliole reooi^ 
is first 24S, g?4, aad 30& S&y freduetloii, Itiep# eoasputed 
geaetie emmlmtlom txe®«4#€ tt»ity la tfeif tHe falu© 
of naity wm aset to ©fetals A f,h« relatife effieienoy 
'•WW . • .|J 
©f selestloo for «M1@ ^©©o-ri teaiti qb part reeori maf to® 
eoapatft as tii® rati© ©f tlie galas exp-eotei «iliig part 
jp®eoi€s ai' tilt ©i»it«ri©ii to th® gslna expeetet niiag sel* 
eoti-oa tor mhole reeorig a® tii« erlterio-n. Bat rati©' 
is, tbea,, tile r®lati?e effleies©!- #f itleetioa for 
wljol© reeoM bf asiag part rmdMs es tti« s#le©ti®ii ax^l-
terioB. fhi® is gi-ffiteellita as f©lli3*i.j 
A %. g/? ^ rOwFp . 
hw• Hw 
fS 
fsfel? 14* Qenetio gala in wbel© record m& relittiv# 9ftl» Qlm&y of a®l®etloa for wholt record fey iasl«g 
part i?e00i»as at tb® aelecti©ii arit«rl©a* 
v,'.tiol© • Whole * Whole » v^'hole « Whole • Wiole • 
P6y8.24^ dsyi 274 d6S^§ 306 fiayi 24-*^ days 274 da^t S05 &a.fs 
nil: 
SO • S4t .•600 .6?8 .BBS • .SIS •• .w 
60 .en .ifi .6?g .86£ .a4s .881 
00 • • ©:28 •6a8 .6gS .SOS .790 .Sis 
ISO .§8? • iSf .58? .7S^S .7?8 -.769 
lio » ©S4E .ig4 .800 .785 • SlS 
Ml »€&7 .$8? .6$f .881 .8i4 .900 
212 ,mQ .?40 .949 .931 .970 
g43 
.fSO .••fSO .mo l.OOO' .981 1.022 
£?4 .796 .W6 1.000 1.^048 
SOS ,m3 1.000 
m* 
m „604 «S2i ,§2§ *MW .94,2 1.0^ 
m .,@46 .esi .iis .949 .9?a 1*^067 
90 .§93 .-ii3 .•,i95 .Si5 .888 • .989 
120 •MS .©48 .S48 .fit ,Mm .890 
150 .§§§ .i&i .i§S . ..ao8 .907 
181 ..^0 .600 .600 .SfS .SM .980 
212 ,m§ ..©@§ .W .9-68 .996 1.0.87 
gm ,m7 .#8f .68? 1.00© 1.028 1.12^ 
B74 »-©68 »/'66S 1.000 l.ofg• 
30© .612 l.OQO 
Qwn Is •tit gsaetle g&ia la whol® (v) mmr€§f using pas?t 
• • i*«Qora ®.s tht .«©l©®lt0R orlteriea#^ 
ig tilt relative efficiency' of selt«tiO:il f&r wbole (w) 
£is». ®w .rmQPi by usin^- part (p) record s® stleotieis criterion. 
m 
vh&re aod ar« the Bqmre mQ%& of toerltftfcsllitles of 
part asA whole reeoMi oaleialated from first Imt&tlm 
failles. fiie®« ratios ar#' listed la faMe 14 fof botht milk 
®ad fat wtiere wli©lt Is £4-3, 2f%, m& ^05 €ay proawtlsn. 
Wmm tilt relative effloleBoiss eslQttXateS,. it ©aa "be seen 
that ia all cases ieleatioB m tiie bail-i of tM@ flrat SO 
days l»sst approaofees the gala «.xpe©t«i. ia the wti©!® r@o©r«i 
uatil the part r&ooi€ is 181 %q 21g t^i's la Itagth. "Siit 
9 
would Steffi to iali©&te that first 60 day proftttctioja sfeouia 
to® eoasidered in prtftrtaeig to oa a loager 
reeoefi, aotii %lm longer reooM is six ©r sm&m mnttiB 
ill leiigth. 
hemmr Qm&m ilt48) e©astira#t@a m iMex l)ai@d 
ttpoa -Dart reeord (tgg protoctisa to the eai of 
sod iuxi r0e©i*t, Actttallf fm index is aoaposM of a 
weigal timet part prodaetioa plus ano'tbep w@lght times 
the t;®tal miiitts tiie pa?t produistiQii jj » fej * 
- Xp), '!t@f eoaeliiied that pr0te0tioa prior to 
J'ijittarf Ctirat part r@©@rd) toe weiglitet 1.66 
tines t&e weigiit asilgaea to subaequeat p-rod«Gti©». Pre-
sttiiiibly gofs-i su0li. eoiabiostioa ©f p&pt sad wli©lt recori 
Mill git# progmsa tor &B.Xrj pro-ine-tloii bmt tlie 
ealenlatioa smeli an IMex in etyemi tli-e scope of 
tlJis study. 
7f 
SIIIIMIX 
file preseat lavestigslloa was ttatortskea t@ ©onsMti* 
til© .relatloBs teetweea ¥.arlOtt® pa3?t0 #f la@tatio»s bf 
tainiiig r«Feat&Mlitiyi iieritsbilllf, aii4 g#ii«tie #0Fr«la-
ti0Bs for various periods of the 1.6ctmtioa» 
Tiii. fiats of-ed were tmm the lm$> Staft Oelleg® i©I-
st©ia dairy beri aod were allfc siiiS. fit prs^uctloa reaoMs 
foT QQws wltii e0iiple%©4 r®to.M# of mt Itsit £43 days la 
Isiigtfe fflade tiirtag •feiie gerl©4 from 1940 to 305^^. ill 
milkifigs imm w«lgh@4 aai, heneej tli# silfc weights are 
tlie aetuai totmls for ttoe perlQ-i eonsemed, f»l per-» 
etnt'Sge vag teetsi oBCe. a .ao-Htti eai fat ppodiieli©a was 
oal.eulmtet froai tbeit asatliii' fat tests tlses %h& aetutl 
iBilk weights to ©btaiii proiuotioa foi* JO (ot Si) fiay 
iriteffals* I'Jaese recerts were tiieii eorrteted to^ msture-
tqulvaltnet witb the tmtors aefelopei hy Keadrlek. (1953) 
for pr-oauetlofi iu tlie first 505 days of the IsetatloB. 
Beptatatellity values for 30 |©.r 311 clmi' periods ©ad 
for Tarieue ewaulatlve periods sr© llstefi is fsiales 5, 
6, 7|, aM 8. i'bese T&lues may be biased upwaM iasofai? 
as tte.® ei'TOi' CS) aad eow CC) ©©iBpeiiefitt are imdereitlfflatea 
slnee stleelion h&& reaoT'Sd siagle^TeeaM esws. 
Age QQr]pe&%lQB tmtars fievelopet f©-^ 30& -day t^tal 
8^ 
ls@$ati©as are mt acsurat® for parts of 
laetatloQf. E$pmMly ittFlag tfe» first laetatios ttit 
tarl^ wattii are ttadeF^urrsetet msS th© Imtew mm%h$ ar^ 
@tere©i*r®@tst. ftiis Is beesese of t!i» .iiiglitr perslsteney 
ef first la@tat4©.asr fiiea tli© faetors w©.i»® applies to 
laareasiiigly longer t-meiiimtite ptrl©-is their atiqwaejr 
iaere&ses at tfes fart p®i»i©.4 sppmmMhm tht SOS iay p«ri©i, 
H«ritaMllty was caiculalfd for siagle aottths- aaS ftp 
©m®ulatif« ptrieis* the foraer aai figHt, aias, tea 
sojatla eiiiittiatl*® ptMiits wer# aalealmtefi frsa afer&ge® ©f 
all reeords ©f tHe eews* flif ©lamlatiTt totali w@i*« . 
•ealaiii&tM iistag first rtsefai oalf... ltit» tfe« regrtssions 
eal®ul.st#t tttiag average reeoi^g w&m ©©Fftetti to & siiigle 
rteorfi toasis,!, tb® ftines for ©©apmrstolt pe^ioti were 
reaiomatoif sisiisr to tb©g.« ealealattd aiii^ fifgt re©opis 
•o-alf, itritatrilitf tglue® fsr siagl# meatlis pgiEgtd fi*Q® 
-o.oa for tea til m&th to Q.4I fo.f» awiatli «ilk pro-
duetioa gad fr©a »0.1i f©i» tenth moatii to 0.?t fcsr seeoai 
»@atli fat i)x»®dttetloii« lerttaWllty valets f©r eusulative 
perioti raag®t fi*©a 0,34 fop firtt 120 &8.fs t© 0.63 for 
first g'?4 dsfi MllJfe proitieti©B 8is,i fraa 0*S0' f#r first 
120 days to 0.4? for first S43 €«fs fat protiiiotion.. S«cii 
Mgfi talmes for .iieritabilitj iaiieate that seleetiea on 
tti# inAl¥i4ual-*i own plb,ea©typt wouM mblme gsattie 
imprefeaeat in the ©Jisract@ri ©^asidtrei. 
9^ 
Iftie geattie ©©rrelstlocs eoipiitti feetwtea etiamlatif® 
part .ant wiiiol© yeoerta were #xtf®atly sppwaeh-
Ing Qp mm^Xng maifi, i#iieT# tli« ©nam at if© whele ton* 
fil®S0i ©f MS, 274, ©r 505 i.«r® of milk aM fet pwaaetioa. 
'Hittbei* ttAt c©yrelati0ii whlafi emm& ttalty wef© 
b| saspliiig ©pjhsjrs .eieat 1# r^ut §i®a3?. Bmh Mgh 
geii@tle reiatioiislilps inAieatif tfeat itltetiea for pmrt 
vmQr&. nouid @a»#e -aiwat or fully at mmh geaetio gain 
la whol# laetstisB as ssleetioa on wtol# rmeMB-
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fUt miter wlshsB to exprtsa Ms glaeer® ^pF©elatl@n 
to Dp. 4". h* Lusli for Ms thorou^ and eonitinaetlir# oritl« 
eim thrm^mt tl»e 'stitty ant prepsratlsn ef tMi ffisftwscrlpt. 
m® writer li lEtetotet to Dr. %, B. K^tllliara for sug­
gesting tb§ t©pic and f0r his aost litlpful suggegtlons 
throughout tiie analysis ©f tli@ data. 
file Mrit#r wlslies finally t©. express liia ^praeiatlen 
for the patlsnc® aai eon alteration of Ills wlf@ during the 
final stage® ©f Ills graiuatt stuiy. 
